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ABSTRACT
STUDIES ON THE POPULATION BIOLOGY, HOST-PARASITE 
RELATIONSHIPS, AND COMMUNITY DIVERSITY OF SEVERAL 
ENDOHELMINTHS INFECTING THE WHITE SUCKER, CATOSTOMUS 
COMMERSONI (LACEPE!bE), FROM THE BELLAMY AND 
OYSTER RIVERS, NEW HAMPSHIRE
by
PATRICK M. MUZZALL
A total of 773 white suckers (Catostomus commersoni) from the 
Bellamy (350) and Oyster Rivers (423), New Hampshire were examined 
during the periods May 1975 through February 1977 and April 1975 
through March 1977, respectively. The helminth fauna consisted of one 
digenetic trematode species (Triganodistomum attenuatum), four caryo­
phyllid cestode species (Glaridacris catostomi, G_. laruei,
Isoglaridacris bulbocirrus, and Monobothrium hunteri), and three species 
of acanthocephalans (Octospinifer macilentus, Neoechinorhynchus 
cristatus, and Pomphorhynchus bulbocolli). The infection rates of M_. 
hunteri were low in Bellamy River suckers. N. cristatus did not para­
sitize Bellamy River hosts. Gravid females of (D. macilentus were not 
recovered from Oyster River suckers. The state of New Hampshire is a 
new locality record for T_. attenuatum, (3. catostomi, G^. laruei, I_. 
bulbocirrus, and M_. hunteri.
Triganodistomum attenuatum demonstrated a seasonal periodicity in 
Bellamy River suckers. Prevalence and mean intensity were high in 
spring 1975 and 1976. The mean intensity of I_. bulbocirrus in Bellamy 
River suckers was high in the spring and fall 1975 and 1976. The
xiv
prevalence and/or mean intensity of T. attenuatum, G_. catostomi, G_. 
laruei, and £. bulbocolli in Oyster River suckers was high in spring 
1975 and 1976. The maturation cycles of the above parasites coincided 
with their respective seasonal infection patterns.
Glaridacris catostomi and I_. bulbocirrus exhibited a distinct 
preference for the anterior intestinal area. 0_. macilentus, N_. 
cristatus, and P_. bulbocolli occurred in the mid to posterior intestinal 
area. Most individuals of T. attenuatum parasitized the posterior por­
tion of the intestine. (3. laruei was recovered throughout the intes­
tine, but the majority of worms occurred in the posterior intestinal 
area. Immature worms of each species had intestinal distributions 
similar to that of the adults. While no distinct interspecific competi­
tion occurred between parasite species, there was evidence of intra­
specific competition by worms of G_. catostomi, (3. laruei, and N[. 
cristatus. The mean size of gravid individuals of these species de­
creased as the population density of each increased in their respec­
tive intestinal areas. As parasite density decreased, mean size in­
creased.
At the Oyster River all parasite species were host specific to the 
white sucker except for P_. bulbocolli. This acanthocephalan species 
parasitized five other fish species, and gravid worms were found in 
creek chubsuckers (Erimyzon oblongus) and golden shiners (Notemigonus 
crysoleucas), in addition to white suckers.
The relationship between prevalence and/or mean intensity of each 
parasite species, except T\ attenuatum, with fish length could be des­
cribed by one of four regression models employed. All significant 
relationships were positive, except for a significant negative relation­
xv
ship between the prevalence of N. cristatus and host length. Male and 
female suckers had similar infection rates for each species.
The diversity of species abundance (Hs) was higher in Oyster River 
suckers (1.5161) than in Bellamy River suckers (0.7296). Parasite com­
munity diversity was high in suckers from each locality in spring 1975, 
winter 1975-1976, and spring 1976. The anterior to middle intestinal 
area of Bellamy River suckers and the middle to posterior portion of 
Oyster River suckers had higher Hs values than did other intestinal 
areas. The diversity of species abundance did not significantly in­
crease or decrease with size of host. There were no significant 





The helminth fauna of the white sucker, Catostomus commersoni is 
well documented, with 75 helminths being listed by Hoffman (1970). 
Surveys are numerous on the parasites of this host from different areas 
of the North American Continent (Pearse, 1924; Dolley, 1933, Bangham, 
1936, 1944; Bangham and Venard, 1942; DeRoth, 1953; Sindermann, 1953; 
Bangham and Adams, 1954; Meyer, 1954; Voth and Larson, 1968; Threlfall 
and Hanek, 1970: Woods, 1971; and White and Harley, 1973, 1974). There 
are, however, few specific, long-term studies on how seasons of the 
year, host age, and sex affect the endohelminths of the white sucker.
Calentine and Fredrickson (1965) described the seasonal patterns 
and maturation cycles of five species of caryophyllid cestodes in 
suckers from an Iowa stream. The sampling period consisted of nine 
months and data concerned with the effects of host age (size) and sex 
on the cestodes were not obtained. Lawrence (1970) investigated the 
effects of season, host age, and sex on the infection rates of six 
helminths occurring in suckers from a Maine lake. Although fish were 
collected over a two-year period, the data from each year were combined 
and presented as if they were collected in one year. The infection 
patterns of suckers under 10 cm were not investigated by the above 
authors. Chaicharn and Bullock (1967); Mackiewicz, Cosgrove, and 
Gude (1972); Uglem and Beck (1972); and Amin (1975) have reported on
the general and/or specific intestinal distribution of various hel­
minths infecting suckers.
Mudry and Arai (1973) described the seasonal dynamics of a 
caryophyllid cestode in suckers in Alberta, Canada. Most recently, the 
seasonal patterns of three caryophyllideans in creek chubsuckers, 
Erimyzon oblongus, from a North Carolina lake were reported by Grimes 
and Miller (1976).
Many authors have investigated the relationship of sucker size to 
prevalence and intensity of acanthocephalan infections, most notably 
Van Cleave and Mueller (1934), Harms (1965), and Arai and Kussat (1967). 
However, except for the investigations of Lawrence (1970) and Amin 
(1975), there are no population dynamic studies dealing with 
acanthocephalans found in suckers.
Although Pavloski (1937 cited by Dogiel, Petrushevski and 
Polyanski 1970) defined a parasitic flora and fauna of an animal or 
plant, together with the host and its environment which form an 
ecological complex, a "parasitocoenosis," Noble (1960) applied the 
term "parasite mix" to define the total parasite fauna of an animal or 
plant. The latter author emphasized the need to study the parasite 
community as a unit, but investigations of this nature have been 
seriously neglected in the field of fish parasitology. Cloutman (1975) 
and Davis and Huffman (1975) are the only investigators who have 
approached the community structure of a parasite fauna of fish using 
diversity indices. Since several parasite species infect white 
suckers in New Hampshire streams, they represent an excellent assem­
blage to study.
This study was undertaken to investigate the seasonal occurrence, 
population biology, intestinal distribution, host specificity, and 
community diversity of the endohelminths occurring in white suckers 
from the Bellamy and Oyster Rivers. The emphasis of this study has 
been placed on the examination of white suckers from two rivers, so the 
results of each parasite species could be compared between localities 
and to those studies that have been done on suckers from lotic and 
lentic environments.
SECTION II
MATERIALS AND METHODS 
Field
A total of 773 white suckers, Catostomus commersoni Lacepede 
(Catostomidae), were collected by seining, spearing, and trapping from 
two rivers in New Hampshire (Appendix I). Three hundred and fifty 
suckers were collected from the Bellamy River (Strafford County) from 
May 1975 through February 1977. Suckers were sampled at the base of 
the Bellamy Reservoir Dam (Millhill Road), downstream for about one 
mile (Fig. 1). This area is shallow, with alternating riffles and 
pools. Its bottom is composed of small boulders and gravel. Four hun­
dred and twenty-three suckers were collected in that portion of the 
Oyster River (Strafford County) between Old Concord Road (Gaging 
Station Dam) and Route 155A from April 1975 through March 1977. The 
Oyster River sampling area is smaller in width than the Bellamy River 
sampling area, but it is deeper. Its bottom is primarily silt and 
mud. Water flow is very slow in both rivers, except during the 
spring. Their water levels declined sharply in July through 
September 1975 and 1976, but they do not dry up. The rivers meander 
through areas of alder, elm, and white pine. Fish were not collected 
in February 1976 from the Bellamy River, nor in February 1976 and 1977 
from the Oyster River, due to the presence of heavy ice cover.
Laboratory
White suckers collected were taken to the laboratory alive and 
were autopsied immediately, or kept alive (up to 36 hr) in a 40 gallon 
fiberglass aquarium in a cold room (13-15’C). Fish were killed in 
MS 222 (Tricaine Methane-Sulfonate) before autopsy. Total fish length 
in centimeters and sex were determined at autopsy. The sex of juvenile 
suckers was determined by gonad examination with a compound microscope.
The entire alimentary canal (from the esophagus to the vent) was 
removed. It was divided into five segments based on percentages of 
the total length from the anterior end (0-20%, 20-40%, 40-60%, 60-80%, 
80-100%). These segments are designated 1, 2, 3, 4, and 5, respec­
tively. The intestinal swelling was included in segment 1. The 
length of the intestine depended on the size of the sucker examined. 
Accordingly, segment length varied with intestinal length. The size 
range of each segment of the intestine, from the smallest and largest 
suckers examined in which intestinal length was recorded from both 
localities, is shown in Appendix II. The position, number, degree of 
development, and sex (where appropriate) of each helminth recovered 
from each segment were recorded.
Trematodes and acanthocephalans were fixed in Demke's fixative 
for several hours and stored in 70% alcohol. Caryophyllid cestodes 
were placed in a mixture of 7% formalin plus acetic acid, and shaken 
vigorously for 10 seconds (personal communication, Dr. J. S.
Mackiewicz). Helminths were stained in Grenacher's alcohol-borax car­
mine used by Lynch's precipitation method (Meyer and Olsen, 1971). 
Several specimens were also stained only in Grenacher's alcohol-borax
6carmine and Mayer's paracarmine, because small parasites could be 
easily found in these stains, but were difficult to find using the 
precipitation method.
Treatment of Data
Eight seasons of the total sampling period (or four seasons per 
year) based on ambient water temperatures (water temperature range in 
parentheses), were established for both rivers as follows: March 16-
June 15, 1975 (5-17'C); June 16-September 15 (^20'C); September 16- 
December 14 (5-15'C); December 15-March 15, 1976 (<^ _5'C); March 16- 
June 15 (5-17'C); June 16-September 15 (/>20'C); September 16-December 
14 (5-15’C); December 15-March 15, 1977 (<^ _5'C). These seasons are 
designated spring 1975, summer 1975, fall 1975, winter 1975-1976, 
spring 1976, summer 1976, fall 1976, and winter 1976-1977. The water 
temperatures recorded each month at both localities are shown in 
Appendix III.
Aging of white suckers by the scale method from both localities 
was attempted, but discontinued because the number of scale annuli of 
fish of similar lengths was not consistent. Similar difficulties using 
scales as well as pectoral fin sections were reported by Beamish (1973), 
who attempted to age white suckers inhabiting small streams and rivers. 
Instead of aging, size classes of suckers were established by length 
in 4.9 cm intervals from 0-50 cm. The mean length of suckers collected 
in each month from each locality is shown in Appendix I.
Two developmental stages were established for the digenetic 
trematode, Triganodistomum attenuatum: eggs absent (non-gravid) or
present (gravid). Three developmental stages were established for the 
caryophyllid cestodes: 1) immature - all organs poorly developed; 2)
mature non-gravid adults - had well developed uterus, ovarian horns, 
cirrus, vitellaria and testes, but no eggs in the uterus; 3) gravid 
adults - same as mature non-gravid adults, except eggs were present in 
the uterus.
Female Neoechinorhynchus cristatus and Octospinifer macilentus 
recovered were divided into three developmental stages: 1) immature -
ovarian ball not fragmented; 2) ovarian ball fragmented (ovarian balls 
present); 3) gravid - ovarian balls and eggs present.
Non-gravid T. attenuatum, immature caryophyllid cestodes, immature 
female acanthocephalans, and male N_. cristatus and 0_. macilentus under 
2 mm were considered to be members of the recruitment portion of the 
parasite population in fish. Pomphorhynchus bulbocolli was classified 
as follows: males, females with ovarian balls, and females with ovarian
balls and eggs.
Approximately 95% of the helminths recovered in suckers from the 
Bellamy and Oyster Rivers were measured. Variations in the length of 
worms were used as an indication of growth changes in the parasite pop­
ulation, since only those worms which were fixed in a uniform manner 
were used. The parasites from Oyster River suckers were measured by a 
binocular microscope fitted with an ocular micrometer and assigned to 
defined length groups. Measurements are in millimeters unless other­
wise stated. The mean length and range of each developmental stage of 
T\ attenuatum and of the caryophyllid species from the Oyster River are 
shown in Appendix IV. 0_. macilentus was the only parasite species that 
was measured from Bellamy River suckers.
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Host and parasitological data from each fish was coded, punched on 
cards, and processed by a computer utilizing the in-house Minitab 2 
Statistical Package of the University of New Hampshire. The following 
statistical tests were performed: 1) Wilcoxon Rank Sum Test - to ob­
serve if suckers collected and examined in one season differed in 
length from those collected in other seasons, to determine if parasite 
intensity differed between adjacent seasons, and to determine if fish 
sex played a significant role in mean intensity differences; 2) Regres­
sion models were used to describe the relationship of parasite preva­
lence and/or mean intensity with mean fish size of each fish size class 
if the data could not be described linearly; 3) Correlation analysis - 
to estimate the association between two variables; H) Chi-square 
analysis was used to compare the number of fish infected with each 
parasite species between localities, the number of parasites in one in­
testinal segment to another, and if the sex ratio of the dioecious 
parasites was close to the theoretical value of 1:1; and 5) Student's 
t-test was used to compare the mean lengths and mean intensities of 
worms in one intestinal segment to another. The Shannon-Wiener Diver­
sity Index was used to calculate the diversity of species abundance 
(Hs). Prevalence is the percent of infected hosts in a given sample. 
Mean intensity is the mean number of worms per infected host. Inten­
sity is the number of worms per examined host.
The term infrapopulation is used here and follows the definition 
of Esch, Gibbons, and Bourque (1975). They defined an infrapopulation 
as all the individuals of a single species in a single host individual. 




GENERAL HOST INFORMATION 
Spawning Habits and Size Composition
Reighard (1920) stated that it is well known that Catostomus 
commersoni moves from lakes and large rivers in the spring (which form 
its normal habitat when adult) into streams to spawn. However, the time 
in the spring when migration and spawning occur is variable and depends 
upon the geographical location of the sucker population (Stewart, 1926; 
Raney and Webster, 1942; and Geen, Northcote, Hartman and Lindsey, 1966). 
These authors found that following spawning, the adults move downstream 
into lakes, or if a resident stream population, to the pools.
Ripe males, some tuberculated, and gravid female suckers were 
collected at the Bellamy River in May and June 1975 and April through 
June 1976. One male with tubercles was examined in November 1976 and 
another one was found in February 1977. In July through October 1975 
and in July 1976 through February 1977, large males with enlarged testes 
and ripe females were collected.
The mean length of suckers seined at the Bellamy River in each 
season is shown in Appendix V. It is believed that there is a resident 
population of suckers at the Bellamy River, since large suckers with 
varying reproductive conditions and small suckers were collected in all 
seasons sampled. A dam approximately four miles downstream near 
Bellamy Park exists between the collection site and a pond, which also
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indicates that the host population sampled is stream resident, with 
little recruitment occurring from a lentic environment.
Ripe and gravid females, ripe males with tubercles, as well as 
spent individuals of both sexes were seined from the Oyster River in 
April and May 1975 and 1976. In early March 1977, ripe females and 
males with enlarged testes were netted when they were jumping the 
Gaging Station dam. Water temperature when migration and spawning 
occurred are shown in Appendix II.
The size composition of suckers examined at the Oyster River was 
different than that of the Bellamy River. Large suckers from the 
Oyster River were only collected in spring 1975, winter 1975 through 
spring 1976, and in winter 1976-1977 (Appendix V). Small suckers were 
netted throughout the sampling period. Based on these facts, field ob­
servations, and conversations with local fishermen, it is believed that 
the large suckers which migrate and spawn in the sampling area come from 
the New Reservoir (Fig. 1). Significant differences (P^O.OOl) between 
the sizes of fish examined in successive seasons were as follows: 
spring 1975-summer 1975, spring 1976-summer 1976, and fall 1976-winter 
1976-1977.
Feeding Habits
Considerable variation exists in the accounts of the diet of 
suckers. Forbes (1890) and Baker (1916) reported mollusks as forming 
42% and 30%, respectively, of the food eaten. Pearse (1918) mentioned 
no mollusks, while Hankinson (1908) noted their presence but gives no 
percentages. Again, while Pearse (1918) listed chironomid larvae as
forming 40% of the food, Forbes (1890) reported but 3%. Similar varia­
tion could be shown in the reports on protozoa, may-fly nymphs, rotifers 
etc. The observations of the authors in question probably are reliable, 
so I must assume that the variation is due to the differences in place, 
age, and season.
Stewart (1926) demonstrated that suckers vary in their food 
according to place, size, and season. Of two suckers of the same length 
and collected on the same date but from two different streams, one con­
tained 100% copepods and ostracods; and the other but 5%. The direct 
influence of fish size is seen in a case where, at the same time and in 
the same creek, a one-inch specimen was found to contain 90% chironomids 
while a four-inch fish had taken 80% caddis fly larvae. The effect of 
season is illustrated by the fact that in summer one may find suckers 
that are full of algae, while in winter this item seems quite absent 
from their diet.
Anatomy and Physiology of the Alimentary Canal
Fish of the family Catostomidae have an elongate alimentary canal 
which lacks ceca, diverticula, stomach, and a rectum (Barrington, 1957). 
Chaicharn (1965) reported that the first limb of the white sucker in­
testine, which is larger in circumference than the rest of the diges­
tive tract, proceeds as a straight tube to the region of the vent. It 
then doubles back to the anterior portion of the body cavity, and coils 
three times, before straightening into the limb that leads to the vent.
A strong positive relationship between fish size and intestinal length 
exists in suckers at both localities; as fish size increases so does
intestinal tract length. Equations 1 and 2 describe the relationships 
between Bellamy and Oyster River white sucker length and intestinal 
length, respectively (r = 0.95, r = 0.98):
y = -1.59 + 1.74x (Equation l)
y = -5.68 + 2.01x (Equation 2)
where y = intestinal length and x is sucker length in cm.
Chaicharn (1965) found that the intestine has unbranched longi­
tudinal epithelial folds arranged in an antero-posterior direction, 
that these folds were tall in the anterior portion and reduced in the 
area near the anus, and that the bile duct enters the tract immediately 
posterior to the esophagus. Weisel (1962) reported that the pH in this 
area of the long nose sucker (Catostomus catostomus) is depressed to 
about 5.5 by the presence of bile. Since a stomach is lacking, the pH 
of the rest of the intestine of Catostomus spp. is assumed to be close
to 7.0, since this was found to be the case in several stomachless fish
in the family Cyprinidae (Al-Hussaini, 1949a).
Information on the physiology of the alimentary tract of catos- 
tomids is scarce. However, Al-Hussaini (1949b), working on cyprinids, 
reported that the mucosa of the middle intestinal region produce 
amylase, and that lipases were found to be concentrated in the anterior 
intestinal region. He stated that the loss of a stomach and con­
sequently of peptic digestion has been compensated by the development 
of a strong tryptic enzyme by the intestine which augments strong en­
zymes of a similar character elaborated by the hepatopancreas. Further 
support of this has been found by the discovery of trypsin secreting 
zymogen cells lying in the deep mucosal folds of the posterior intestine
(Barrington, 1957). Uglem and Beck (1972) reported more amino- 
peptidase activity in the anterior portion of the intestine of the 
large-scale sucker (C_. macrocheilus) than in the posterior portion.
SECTION IV
INFECTION RATES AND GENERAL BIOLOGY OF ENDOHELMINTHS
The prevalence and mean intensity of the parasite species re­
covered from 350 white suckers (Catostomus commersoni) from the Bellamy 
River during May 1975 through February 1977 are shown in Table 1. The 
digenetic trematode, Triganodistomum attenuatum Mueller and Van Cleave, 
1932 (Trematoda: Lissorchiidae), infected only 37 fish and had a mean
intensity of 3.0. The caryophyllid cestode fauna consisted of 
Glaridacris catostomi Cooper, 1920; Glaridacris laruei Lamont, 1921; 
Isoglaridacris bulbocirrus Mackiewicz, 1965; and Monobothrium hunteri 
Mackiewicz, 1963 (Cestoda: Caryophyllaeidae). The prevalence and mean
intensity of M. hunteri were the lowest of the caryophyllaeids, followed 
by G. catostomi. Although G. laruei infected more fish than I_. 
bulbocirrus, the latter had a higher mean intensity. The acantho- 
cephalans, Octospinifer macilentus Van Cleave, 1919 (Acanthocephala: 
Neoechinorhynchidae) and Pomphorhynchus bulbocolli (Linkins, 1919)
Van Cleave, 1919 (Acanthocephala: Pomphorhynchidae), each infected a
large number of fish. The mean intensity and range of each acantho- 
cephalan species, particularly for P_. bulbocolli, were high when com­
pared to the other species found.
The endohelminth fauna of 423 white suckers examined during April 
1975 through March 1977 from the Oyster River was similar to that of 
the suckers at the Bellamy River, except that £. macilentus was in­
frequent and another acanthocephalan, Neoechinorhynchus cristatus
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Lynch, 1936 (Acanthocephala: Neoechinorhynchidae) was commonly found
(Table 1). Gravid females of 0_. macilentus were not recovered from 
Oyster River suckers. T_. attenUatum infected 181 fish and had a mean
intensity of 2.7. I_. bulbocirrus infected the smallest number of fish
and had the lowest mean intensity of the caryophyllaeids. While G_. 
laruei had the highest prevalence of the cestode species, G. catostomi 
had the highest mean intensity of all parasite species found. IJ. 
cristatus occurred in 74.9% of the fish examined with a mean intensity 
of 8.2. P_. bulbocolli had the second highest mean intensity of all the
parasite species. G. catostomi, G. laruei, N_. cristatus, and P_. 
bulbocolli exhibited large infection ranges.
All species, except N. cristatus, were originally described from 
specimens recovered from white suckers. N. cristatus was described from 
the large-scale sucker C_. macrocheilus. The life cycles of T_. 
attenuatum and of the caryophyllid cestodes are not known, but McCrae 
(1961), Calentine and Fredrickson (1965), and Calentine, Christensen, 
and Christensen (1970) experimentally infected species of aquatic 
oligochaetes (Annelida: Naididae, Tubificidae) with M_. hunteri and
G. catostomi.
Harms (1965) and Uglem and Beck (1972) experimentally infected 
the ostracod species, Cyclocypris serena and Cypridopsis helvetica 
with 0. macilentus and N_. cristatus, respectively. The life cycle of 
P_. bulbocolli was elucidated by Jensen (1952) who found that the fresh­
water amphipod Hyallela azteca was the intermediate host. The former 
and latter authors infected white suckers with macilentus and P_. 





Seasonal Infection Patterns. Triganodistomum attenuatum exhibited 
a seasonal periodicity in prevalence, mean intensity, and maturation in 
suckers of the Bellamy River (Fig. 2). Prevalence was high in May 
through July 1975, January, March, May, and June 1976, and February 
1977. Mean intensity tended to follow the same infection pattern as 
prevalence; it was high in May through July 1975 and 1976. Fish ex­
amined in October through December 1975 and October 1976 through 
January 1977 were not infected. Non-gravid worms occurred in fish in 
May and July 1975, and in January and March through May 1976 (Fig 3). 
Following these periods of recruitment, gravid worms appeared in June 
through September 1975 and May through September 1976. The recovery of 
non-gravid worms in February 1977 indicated that a third successive 
maturation cycle was beginning.
Generally the prevalence patterns of T_. attenuatum from suckers of 
the Oyster River were similar in 1975 and 1976 (Fig. 4). Mean inten­
sity exhibited a definite seasonal pattern; it was high in April through 
June 1975, and April through May 1976. Non-gravid worms were most 
common in April through May 1975 and 1976 (Fig. 5). Following each
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recruitment peak, a period of maturation occurred in June and August 
1975 and May 1976, respectively.
Figure 6 also illustrates the seasonal maturation cycle of _T. 
attenuatum in Oyster River suckers in conjunction with changes in the 
infrapopulation size structure. In spring 1975, the majority of worms 
recovered were non-gravid and not longer than 1.9 mm in length. Sixty- 
three percent and 61% of the worms recovered in the summer and fall, 
respectively, were gravid and longer than 2 mm. Non-gravid worms, 
particularly those under .9 mm in length, were common in the winter. 
This was also the situation in spring 1976, when 96% of the individuals 
were non-gravid, but the majority of them were between 1-1.9 mm. The 
infrapopulation moved into longer length classes in the summer and 73% 
of the worms were larger than 2 mm, and 50.7% of them were gravid.
The percentage of non-gravid worms decreased in fall 1976, and 85.7% of 
the worms which measured between 1-3.9 mm in length were gravid. The 
size classes of transition from non-gravid to gravid worms were the 
second and third ones, since they contained both groups.
Although a significantly larger number of fish at the Oyster River 
(181) were infected with this species (P^0.005) than at the Bellamy 
River (37), there was no significant difference between the mean in­
tensity in Bellamy (3.0 0.51) and Oyster River suckers (2.7 + 0.43).
The infrapopulation consisted of more gravid (89) than non-gravid 
(24) worms at the Bellamy River, whereas in Oyster River suckers, 324 
non-gravid and 153 gravid worms were recovered.
Intestinal Distribution. Intestinal segments 4 and 5 of Bellamy 
River suckers had a significantly larger number of worms (P^0.005) 
than segments 2 and 3, respectively (Fig. 7). The mean intensity for 
the total sampling period in both segments 4 and 5 was close to 2.4.
The preference for segments 4 and 5 by gravid worms is obvious. Seg­
ments 4 and 5 represent an area approximately equal to the last 40% of 
the total gut length.
In Oyster River suckers, more individuals occurred in segment 4 
than in segments 2-3 and 5 (P^>.005). Segment 4 was more heavily 
parasitized by gravid worms than segments 3 and 5 (P^O.Ol). Segments 
4 and 5 had mean intensities of 2.2 + 0.30 and 2.4 + 0.48, respectively. 
The mean sizes of gravid worms in segments 3, 4, and 5 were 3.2 +_ 0.13, 
3.4 +_ 0.07, and 3.4 +_ 0.10, respectively.
Infection Patterns in the Fish Population. After prevalence in­
creased from 2% in fish 5-9.9 cm in length to 37.5% in fish 30-34.9 cm 
long, it declined in Bellamy River suckers (Table 2). Changes in mean 
intensity showed a pattern of irregular fluctuations from one size class 
to another. Maximum mean intensity of 4.7 occurred in fish 25-29.9 cm 
in length. Gravid worms were common in fish that were 25-29.9 cm and 
35-39.9 cm in length.
The prevalence of T. attenuatum was similar in Oyster River 
suckers under 20 cm (Table 3). It then increased to 87.5% in fish that 
were 20-24.9 cm long, and generally remained high in fish up to 34.9 cm 
in length. Mean intensity was high in hosts 25-34.9 cm in length. Both 
prevalence and mean intensity decreased sharply in fish over 35 cm. Re­
cruitment of non-gravid individuals into the parasite infrapopulation
primarily occurred in fish that were 2.7-14.9 cm and 20-34.9 cm long. 
Gravid worms commonly occurred in fish ranging in size from 5-14.9 cm 
in length.
Male suckers had higher prevalences and mean intensities than did 
females at both localities, but these differences were not significant 
(Table 4).
The present report of T. attenuatum infecting white suckers in 
New Hampshire represents a new state record.
Occurrence in Other Hosts. Non-gravid worms of T\ attenuatum 
were recovered from two creek chubsuckers (Erimyzon oblongus) out of 
12 examined and from one fallfish (Semotilus corporalis) out of 536 
examined from the Oyster River. The ranges and mean intensities (_+ 1 
standard deviation) of T. attenuatum in creek chubsuckers and fallfish 
were 1-3 (2.0 _+ 1.41) and 1 (1.0), respectively. T_. attenuatum was not 
found in the following species of Oyster River fish (the number examined 
is in parentheses): Centrarchidae - Lepomis gibbosus (18); Cyprinidae -
Notemigonus crysoleucas (6), Notropis bifrenatus (6), N_. cornutus (31), 
Rhinichthys cataractae (6); Esocidae - Esox americanus (7); Percidae - 
Etheostoma fusiforme (6).
Discussion
Seasonal Infection Patterns. Triganodistomum attenuatum is in the 
family Lissorchidae. Hoffman (1970) listed 10 trematode species in 
this family and T_. attenuatum is the only one which has received 
attention in ecological studies. Fried, Kitchen, and Koplin (1965) 
found that individuals of this species were abundant in May and sparse
in October through December (only months in which fish were sampled) 
in suckers of a lotic environment. Lawrence (1970) reported that in­
fection rates of T\ attenuatum in suckers collected in a lentic environ­
ment were significantly higher in June through August; fish were not 
infected in May.
The results of this study at both localities are similar to those 
of the above authors. T_. attenuatum demonstrated a definite seasonal
periodicity in suckers from the Bellamy River, with mean intensity 
being high in May through July 1975 and 1976 (Fig. 2). The prevalence 
and mean intensity peaks of January 1976 must be viewed with caution 
because only three fish were examined then. In Oyster River suckers, 
mean intensity was high during April through June 1975, and April and 
May 1976 (Fig. 4). A decrease in the infection rates of T_. attenuatum 
in August at the Bellamy River and in summer at the Oyster River was 
the result of the loss of non-gravid and gravid worms during these 
periods. Seasonal changes in sucker feeding habits may also play a 
role in this decrease. It appears that T. attenuatum has a life span 
of less than a year at the Bellamy River, since suckers were not in­
fected in the fall.
Similar mean intensities and seasonal cycles of this species 
suggest that factors operating on infection rates, life cycle, and 
seasonality may be similar at both localities. While non-gravid worms 
were common in the spring, gravid parasites were abundant in late 
spring and summer in both Bellamy and Oyster River suckers (Figs. 3, 5) 
when water temperature was rising and sucker spawning was ending. A 
time lag of about one month took place between the periods of high re­
cruitment and maturation. This increase in water temperature may 
stimulate worm maturation, and then after a period of time, gravid 
worms are lost from the infrapopulation by natural mortality. Changes 
in the hormonal balance of suckers does not appear to play a role in 
this maturation, because gravid worms also occurred in small and large 
fish during the summer, fall, and winter months.
A seasonal abundance of intermediate hosts and/or infected in­
termediate hosts may be operating on this system. Smith (1968), who 
investigated the life cycle of Lissorchis mutabile (Family: 
Lissorchidae), reported that the prevalence of metacercariae of this 
species in planarians, Dugesia sp. and commensal chaetogasters of 
ancylid snails, was highest during August through November. If similar 
but later infection patterns of intermediate hosts occurred at both 
localities, this would explain the high recruitment rates of non-gravid 
parasites in winter and spring. At the Oyster River, growth and copu­
lation took place during summer and fall, evidenced by the movement of 
worms into longer length classes and the recovery of large numbers of 
gravid worms (Fig. 6). The winter decrease in the infrapopulation 
number and length resulted from the natural mortality of gravid worms 
and the recruitment of non-gravid individuals.
Intestinal Distribution. Triganodistomum attenuatum was not found 
between the intestinal epithelial folds, but was on top of them. Live 
worms were depressed dorso-ventrally and large individuals were usually 
oriented longitudi.nal.ly in the intestine. Because the mean intensities 
of worms in segments 4 and 5 were similar at both localities and gravid 
worms attained similar sizes in segments 4 and 5 in Oyster River
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suckers, this area (60-100%)of the intestine is designated the preferred 
habitat of attenuatum. This posterior distribution is similar to that
reported by Wallace (1941) for mutabile, Fischthal (1942) for T_. 
hypentelium, and Lawrence (1968) for T. attenuatum. Uglem and Beck 
(1972) found that this species occupied a posterior position in the in­
testine of large-scale suckers. They reported that this area of the in­
testine had small amounts of aminopeptidase activity, whereas T_. 
attenuatum exhibited moderate activity.
Amin (1974) reported that young adult worms of T_. attenuatum were 
recovered throughout the intestine; most mature adults occurred in the 
"large intestine". He suggested that maturation of T_. attenuatum 
appeared to be correlated with the progressive migration (posteriorly) 
in the intestinal tract of suckers. It is difficult for me to suggest 
that a posterior emigration of worms occurred, especially in Oyster 
River suckers, since a significantly larger number of non-gravid worms 
occurred in segment 4 than in segments 3 and 5 (P^0.005). Information 
on how long and where metacercarial excystment takes place, and where 
attachment and establishment occur is lacking, thus causing difficulties 
about making statements on parasite emigration and migration (termin­
ology of Crompton, 1973).
Infection Patterns in the Fish Population. Lawrence (1970) and 
Amin (1974) reported considerable decreases in worm burden as suckers 
increased in size (age). The latter author suggested that lighter in­
fections in older hosts might indicate changes in host feeding habits, a 
host-age-resistance mechanism, short-term residual infections, or a com­
bination of any of these factors. The relationship between prevalence
and mean intensity of this trematode with fish size in either the 
Bellamy or Oyster Rivers, however, could not be described by re­
gression analysis. Non-gravid and gravid worms were present in fish 
of most size classes and distinct infection patterns were not evident. 
There were no significant correlations between the number of parasites 
and host length for the entire sampling period or within seasons; a 
definite increase or decrease of infection did not occur as fish size 
increased. Also, significant differences in infection rates between 
male and female fish were not found, thus suggesting that fish of 







Glaridacris catostomi. The prevalence of this species in Bellamy 
River suckers was 40% or lower in all months sampled, and there was no 
discernible seasonal occurrence pattern (Table 5). Mean intensity was 
high in April and May 1976 and low throughout the rest of the sampling 
period. Immature worms were recovered in all months sampled, except 
in May 1975, May and June 1976, and January 1977. Gravid worms were 
first recovered in May 1975 and were not found again until April and 
May 1976, which followed the occurrence of mature non-gravid worms in 
January and April 1976. A total of 125 (66.2%) immature, 8 (4.2%) 
mature non-gravid, and 56 (29.6%) gravid worms was recovered in the 
total sampling period.
In contrast to the above findings, G_. catostomi demonstrated a 
seasonal infection pattern in Oyster River suckers (Fig. 8). Prev­
alence was high in spring and late fall 1975, winter 1975 through spring 
1976, and winter 1976-1977. Mean intensity was high in April and May 
1975, 1976, and March 1977. In all other months sampled it was below 
2.0, except in December 1975. The seasonal intensities (in parentheses) 
that were found to be significantly different (P^O.OOl) were as 
follows: spring 1975 (17.4)-summer (0.2), fall 1975 (0.3)-winter 1975-
1976 (2.9), spring 1976 (22.l)-summer (0.001), and fall 1976 (0.01)- 
winter 1976-1977 (17.4). The mean intensity cycles of immature, mature 
non-gravid, and gravid worms were similar to the overall mean intensity 
cycle (Fig. 9). An increase in the mean intensity of each developmen­
tal stage in March 1977 was indicative of another maturation cycle 
beginning.
Besides exhibiting a seasonal maturation cycle, £. catostomi 
demonstrated a seasonal pattern in length distribution in suckers of 
the Oyster River (Fig. 10). Individuals of all size classes were found 
in spring 1975. Sixty-one percent of the worms recovered were longer 
than 8 mm and 105 (22%) were gravid.. In the summer and fall, immature 
worms were abundant. The infrapopulation moved into longer length 
classes in winter 1975-1976 and spring 1976. Worms of all size classes 
were abundant in spring 1976 and 74% of the worms were longer than 8 
mm. Gravid worms constituted 45% of the infrapopulation. Only im­
mature worms were found in the summer and fall. Individuals of each 
developmental stage occurred in the winter 1976-1977, and 60% of the 
worms were longer than 8 mm. Twenty-three percent of the worms re­
covered were gravid. The second parasite length class (4-7.9 mm) was 
the size class of transition from immature to mature non-gravid worms; 
and the third (8-11.9 mm) and fourth (12-15.9 mm) length classes were 
the transition classes from mature non-gravid to gravid worms, be­
cause they contained both groups. The total infrapopulation consisted 
of 723 (32.9%) immature, 644 (29.4%) mature non-gravid, and 825 (37.6%) 
gravid worms.
A significantly larger number of suckers from the Oyster River 
(98) were infected with (3. catostomi (P<^0.005) than at the Bellamy 
River (60). Oyster River suckers also had a significantly larger mean 
intensity (22.1 +_ 5.24) than (P<^0.01) fish at the Bellamy River (3.1 +_ 
0.64). The infrapopulation number was larger at the Oyster River than 
at the Bellamy River and the number of individuals of each developmental 
stage were more equally distributed.
Glaridacris laruei. This species occurred in Bellamy River suckers 
in every month sampled except November 1975 (Table 6). A seasonal in­
fection pattern was not evident; however, mean intensity was signifi­
cantly higher (P<^0.01) in May 1975 through January 1976 (5.7 1.17)
than in March 1976 through February 1977 (2.4 +_ 0.33). Maximum mean 
intensity occurred in September 1975 (10.6). The mean intensity of each 
developmental stage fluctuated irregularly from month to month. A total 
of 178 (33.8%) immature, 89 (16.9%) mature non-gravid, and 259 (49.2%) 
gravid worms was recovered in the total sampling period.
The prevalence of <3. laruei in suckers of the Oyster River varied 
and a distinct seasonal pattern did not occur (Fig. 11). Mean intensity, 
however, was seasonally periodic; it was high in April through June 1975, 
April and May 1976, and March 1977. It was usually 4.0 or less in all 
other months sampled. Significant differences (P^O.001) between 
seasonal intensities were as follows: spring 1975 (8.7)-summer (2.5),
spring 1976 (7.0)-summer (0.8), and fall 1976 (0.3)-winter 1976-1977 
(25.2). These differences correspond to the seasonal mean intensity 
cycle. The mean intensities of immature, mature non-gravid, and gravid 
worms followed the overall mean intensity pattern (Fig. 12).
If the data are presented differently, G_. laruei from Oyster River 
suckers did not demonstrate a seasonal pattern in maturation and growth 
(Fig. 13). Recruitment of immature worms occurred in every season ex­
cept winter 1975-1976 and gravid worms over 9 mm in length were found 
in all seasons of the sampling period. The third length class (3-3.9 mm) 
was the stage of transition from immature to mature non-gravid parasites 
because it contained both groups. The fourth (4—4.9 mm) and fifth 
(5-5.9 mm) length classes were the stages of transition from mature non- 
gravid to gravid worms because they contained both groups. The infra­
population was composed of 677 (45.2%) immature, 409 (27.3%) mature non- 
gravid, and 413 (27.5%) gravid worms.
Although there was no significant difference between the number of 
infected fish in the Bellamy (130) and Oyster (166) Rivers, suckers from 
the Oyster River had a significantly larger (P^0.02) mean intensity 
(9.0 +_ 1.77) than did Bellamy River suckers (4.1 +_ 0.61). The infra­
population was larger in Oyster (1499) than in Bellamy River suckers 
(526), but the percentage of gravid worms in Bellamy (49.2%) was larger 
than that in Oyster River suckers (27.5%).
Isoglaridacris bulbocirrus. The prevalence of I_. bulbocirrus in 
suckers of the Bellamy River fluctuated irregularly throughout the 
sampling period and did not exhibit a seasonal pattern (Fig. 14). How­
ever, a seasonal cycle in mean intensity was evident. Following a high 
mean intensity in June 1975, it decreased in July, and then increased in 
the fall months, peaking in October 1975. After low mean intensities 
in early spring 1976, it increased in May, was low in June through 
September, and increased in October through December 1976.
At the Bellamy River, the mean intensity pattern of gravid worms 
was similar to the overall mean intensity cycle (Fig. 15). Immature 
worms were abundant in June and October 1975 and November and December 
1976. A total of 145 (38.4%) immature, 61 (16.2%) mature non-gravid, 
and 171 (45.3%) gravid worms was recovered.
There was no evidence of a seasonal pattern in infection rates, 
maturation, or in length distribution by I_. bulbocirrus in Oyster River 
suckers (Table 7). Prevalence was usually below 9% and mean intensity 
was 2.0 or less throughout most of the sampling period. The unusually 
high mean intensity in May 1975 resulted from the recovery of eight 
immature worms from one sucker. Gravid worms were found in June, July, 
September, and October 1975, and in March, May through August 1976, and 
March 1977. The number of worms occurring in each parasite size class 
was erratic throughout the sampling period. Only 35 (56.4%) immature,
4 (6.4%) mature non-gravid, and 23 (37.1%) gravid worms were found in 
the suckers examined.
A significantly larger number of Bellamy River suckers (79) was 
infected with this species (P^0.005) than suckers from the Oyster River 
(31), but the mean intensities (4.8 +_ 0.99 and 2.1 0.83, respectively)
were not significantly different. The parasite infrapopulation number 
was larger in Bellamy (377) than in Oyster River suckers (62).
Intestinal Distribution
Glaridacris catostomi. In Bellamy River suckers, more worms and 
gravid individuals were recovered from segment 1 (P^Q.005) than from 
segments 2 and 3, respectively (Fig. 16). There was no significant
difference between the mean intensity of segment 1 (3.1 +_ 0.64) and 2 
(1.5 0.26). Segment 1 equals approximately the first 20% of the total
gut length.
In Oyster River suckers segment 1 was more heavily parasitized 
by all worms and gravid adults than segments 2-4, respectively 
(P^.0.005). Mean intensities in segments 1-3 were 18.5 +_ 4.67, 11.8 +_ 
4.07, and 10.3 +_ 8.40; there were not significantly different. The 
mean length of gravid worms in segment 1 (18.7 mm +_ 0.64) was signifi­
cantly smaller (P^O.01) than that in segment 3 (24.8 mm + 1.58), but 
was not significantly different from that in segment 2 (21.4 mm 0.97).
Glaridacris laruei. This species in Bellamy River suckers showed 
a distinct preference for segments 4 and 5, rather (P^0.005) than 
segments 1-3, respectively (Fig. 17). More gravid worms occurred in 
segment 5 than in segments 1-3 (P<^0.01). Although mean intensity was 
higher in segment 5 (3.5 + 0.62), it was not significantly different 
from segment 4 (2.7 _+ 0.53).
Segment 5 of Oyster River suckers was more heavily parasitized than 
segment 4 and segments 1-3, respectively (P^0.005); segment 4 had more 
worms than segments 1-3 (P^0.005). Gravid worms were more abundant in 
segment 5 than in segments 1-4 (P^_0.01). The mean intensities in 
segments 3-5 were 4.7 + 1.37, 5.3 + 1.18, and 6.9 +_ 1.20, respectively; 
these were not significantly different. The mean length of gravid worms 
in segments 3 (7.5 mm + 0.25), 4 (7.6 mm +_ 0.22), and in segment 5 
(7.0 mm + 0.19) were not significantly different.
Isoglaridacris bulbocirrus. A significantly larger number of worms 
and gravid individuals occurred in segment 1 (P<^0.005) than in segments 
2 and 3 of suckers from the Bellamy River, respectively (Fig. 18). The 
mean intensities in segments 1 and 2 were *+.3 + 0.90 and 3.2 +_ 0.50.
All individuals and gravid worms in Oyster River suckers demon­
strated a significant preference for intestinal segment 1 rather than 
for segment 2, respectively (P<^0.005). The mean intensity in segment 
1 (1.7 0.25) was not significantly smaller than that in segment 2
(2.3 +_ 0.75). The mean lengths of gravid worms in segments 1 and 2 
were 7.5 mm +_ 0.45 and 4.7 mm +_ 0.95.
Infection Patterns in the Fish Population
Glaridacris catostomi. The prevalence of £. catostomi in Bellamy 
River suckers increased from 1.2% in fish that were 5-9.9 cm long to 
40% in hosts that measured 40-44.9 cm in length (Fig. 19). This 
pattern consisted of alternating peaks and nadirs. Mean intensity 
values were uniform in fish 5-19.9 cm in length. After increasing in 
fish 20-24.9 cm long, mean intensity declined, and was similar in fish 
over 25 cm. Equation 3 describes the relationship between prevalence 
and mean fish size of each fish size class (r = 0.93):
In y = -1.75 + 1.45 lnx (Equation 3) 
where y = prevalence and x is mean fish size in cm. Equation 4 des­
cribes the relationship between mean intensity and mean fish size of 
each fish size class (r = 0.85):
In y = -0.739 + 0.635 lnx (Equation 4) 
where y = mean intensity and x is mean fish size in cm. Recruitment
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of immature worms occurred in fish of all size classes in which in­
fected hosts occurred, whereas gravid worms were found only in fish 
between 30-44.9 cm in length (Table 8).
The percentage of Oyster River suckers infected with G. catostomi 
increased from 3.1% in small fish to 100% in fish 35-39.9 cm and 45-
49.9 cm in length (Fig. 20). Larger hosts had higher mean intensities 
and were more heavily infected with immature and gravid worms than 
smaller fish (Table 8). Mean intensity peaked at 64.1 in hosts 40-
44.9 cm in length. Equation 5 describes the relationship between prev­
alence and mean fish size of each fish size class (r = 0.94):
y = -7.54 + 2.32 x (Equation 5) 
where y = prevalence and x is mean fish size in cm. Equation 6 des­
cribes the relationship between mean intensity and mean fish size of 
each fish size class (r = 0.85):
In y = -3.25 + 1.76 lnx (Equation 6) 
where y = mean intensity and x is mean fish size in cm.
Glaridacris laruei. The prevalence of this species in Bellamy 
River suckers increased from 0 in fish 5-9.9 cm in length to 54.9% in 
fish 15-19.9 cm long and remained similar in fish over 20 cm (Table 9, 
Fig. 21). Mean intensity was high in hosts 25-29.9 cm and 40-44.9 cm 
in length. Immature worms were common in fish 15-29.9 cm and 35-44.9 
cm in length, whereas the number of gravid worms increased as host size 
did.
After low prevalences of G. laruei in Oyster River suckers under 
15 cm, it rose to 100% in fish 20-24.9 cm in length and remained high 
as fish increased in size (Table 10, Fig. 21). Mean intensity values'
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were low and uniform in fish under 20 cm and high in hosts over 20 cm. 
Although the numbers of both developmental stages increased as fish 
size increased, the percentages of immature and gravid worms in each 
fish size class infrapopulation did not exhibit a definite pattern. 
Equations 7 and 8 describe the relationships between prevalence and mean
fish size of each fish size class at the Bellamy and Oyster Rivers, re­
spectively (r = 0.90, r = 0.93):
y = -24.5 + 5.48x - 0.087x2 (Equation 7)
y = -9.93 + 6.64x - O.lOx2 (Equation 8)
where y = prevalence and x is mean fish size in cm.
Isoglaridacris bulbocirrus. The prevalence of I_. bulbocirrus in 
Bellamy River suckers rose steadily from 4.6% in fish that were 5-9.9
cm in length to 61.5% in fish over 45 cm (Table 11). Equation 9 des­
cribes the relationship between prevalence and mean fish size of each 
fish size class (r = 0.92):
y = 2.76 + 1.13x (Equation 9)
where y = prevalence and x is mean fish size in cm. Mean intensity was
low except for two high peaks, which occurred in fish 20-24.9 cm and 
35-44.9 cm in length. Immature and gravid worms were more common in 
larger fish than in smaller ones.
The prevalence and mean intensity of I_. bulbocirrus in Oyster River 
suckers was high in fish 20-29.9 cm in length (Table 12). Immature and 
gravid worms occurred in fish in most classes that were parasitized.
Although infection rates of each caryophyllid species was dif­
ferent between male and female suckers within seasons and for the en­
tire sampling period (Table 13), none of these were significant.
Occurrence in Other Hosts
Only G. laruei was recovered from a fish species other than white 
suckers. Immature worms occurred in four creek chubsuckers out of 12 
examined and had a range and mean intensity of 1-9 (6.0 +_ 3.83). They 
occurred in intestinal segments 3-5. The range and mean length of in­
fected creek chubsuckers was 14-. 8-20.5 (17.7 cm +_ 2.54) Caryo- 
phyllideans were not found in the following species of Oyster River 
fish (the number examined is in parentheses): Centrarchidae - Lepomis
gibbosus (18); Cyprinidae - Notemigonus crysoleucas (6), Notropis 
bifrenatus (6), IN. cornutus (31), Rhinichthys cataractae (6),
Semotilus corporalis (536); Esocidae - Esox americanus (7); Percidae - 
Etheostoma fusiforme (6).
Monobothrium hunteri
This species was infrequent in Bellamy River suckers. A total of 
24 parasites (13 mature non-gravid and 11 gravid worms) were recovered 
from 13 infected fish. Gravid worms were found in fish in June and 
October 1975 and in April through June 1976. Worms occurred in seg­
ments 1 and 2. Both male and female fish were infected in June 1975, 
September, October, and December 1975, and in April through June 1976. 
The range and mean length (.+_ 1 standard deviation) of the infected fish 
were 27.9-43.7 (36.3 cm +_ 5.38).
The recovery of G. catostomi, (3. laruei, I_. bulbocirrus, and M_. 
hunteri from white suckers in New Hampshire represent new state records.
Discussion
Seasonal Infection Patterns
Kennedy (1968, 1971), who investigated the population biology and 
.the establishment and survival of the caryophyllid cestode,
Caryophyllaeus laticeps, in dace, Leuciscus leuciscus suggested that 
factors generally held to be responsible for the seasonal periodicity 
of fish parasites (trematodes, cestodes, nematodes, and acanthocephalans) 
are: 1) water temperature, 2) seasonal variation in availability of
infective larvae, 3) variations in host feeding habits, and 4) changes 
in physiological resistance of hosts to infection. In 1970, he divided 
fish parasites into two categories depending on their seasonality in 
occurrence: 1) those species not exhibiting seasonal cycles in prev­
alence, and 2) those which do. These situations represented end points 
of a cline and intermediate stages do occur. It is also possible that 
some species could be seasonally periodic in mean intensity but not in 
prevalence.
Besides the investigations of Kennedy (1968, 1969) and Anderson 
(1974), seasonal cycles have also been reported for C_. laticeps by 
Scheuring (1929), Wunder (1939), Bauer (1959), Kozicka (1959); for C. 
fennica by Borgstrom and Halvorsen (1968); for C_. fimbriceps by Bauer 
(1959); and for Archigetes appendiculatus by Kulakovskaya (1962) in the 
paleartic region.
Glaridacris catostomi. This species in Oyster River suckers 
clearly exhibited an annual cycle in infection rates, growth, and 
maturation. Prevalence and mean intensity were high in April and May
1975, 1976, and in March 1977 (Figs. 8, 9). Although recruitment 
occurred in all seasons, immature worms dominated the infrapopulation 
in summer and fall 1975 and 1976 (Fig. 10). Gravid worms abruptly dis­
appeared during these seasons and egg production occurred when they 
were common in spring 1975, 1976, and winter 1975-1976, 1976-1977.
Worms in each developmental stage and in almost every size class, were 
common in these seasons. In Bellamy River suckers, the mean intensity 
of (3. catostomi and the occurrence of gravid worms peaked simultaneously 
during spring 1976 (Table 5).
Lawrence (1970) found that a significantly larger number of G_. 
catostomi occurred in January through April. Calentine and Fredrickson 
(1965) and Mackiewicz (1965b) recovered gravid worms in January, and 
April through June; and in February, April, and May, respectively. The 
similarities between the results of Lawrence (1970), who was working in 
a lentic system, and those of Calentine and Fredrickson (1965) and my 
study in lotic systems, indicated that G. catostomi exhibits the same 
seasonal infection patterns in suckers at different freshwater 
localities.
Glaridacris catostomi demonstrated a similar mean intensity pattern 
at both rivers in suckers that differed in size. In fact, gravid worms 
attained maximum mean intensities in April and May 1976 at each locality. 
The sizes of suckers examined at the Bellamy River were not signifi­
cantly different between successive seasons, whereas at the Oyster 
River, suckers were significantly larger in spring 1975 and 1976 than 
in summer 1975 and 1976, respectively, and in winter 1976-1977 than in 
fall 1976. Host length does not appear to play a role in the mean in-
tensity and maturation peaks at the Bellamy River, since prevalence 
fluctuated and mean intensity was low in summer and fall 1975 and 1976, 
when large fish were also collected. The prevalence and mean intensity 
of G. catostomi were high only in late winter and spring when large 
suckers were collected at the Oyster River, indicating that the 
seasonal occurrence of G. catostomi is related to the movement of large 
suckers into the Oyster River from the New Reservoir and to the changes 
in the size composition of the sucker population sampled. These large 
infected suckers could have become infected in the New Reservoir or in 
the river itself.
The peaks in mean intensity and in maturation were associated with 
a spring rise in water temperature and the time of fish spawning. In­
creased host feeding may affect this seasonality because recruitment 
was high in the spring months (Fig. 9). Keast (1968) found that white 
suckers in a Canadian stream intensified their feeding as temperature 
rose in the spring. Anderson (1974) believed that changes in the 
bream's (Abramis brama) feeding habits accounted for the seasonal pop­
ulation changes of C_. laticeps. Changes in the feeding habits of white 
suckers or the seasonal availability of infected tubificids were not 
investigated, but they may play a role in the increased mean intensity 
in Bellamy River suckers. Kennedy and Walker (1969) and Grimes and 
Miller (1976) reported that the maturation of C_. laticeps, M_. ulmeri, 
and Biacetabulum meridianum occurred during the spawning of dace and 
creek chubsuckers. They suggested that maturation of these species may 
be affected by changes in the host hormonal balance. This relationship 
of changes in sucker hormonal balance during spawning and maturation
of (3. catostomi may also be operating at the Bellamy and Oyster Rivers, 
and may be mediated through increased water temperature.
Kennedy (1969) believed that the most important factor controlling 
the seasonal dynamics of the C_. laticeps-dace system appeared to be a 
temperature dependent rejection response to the parasites by dace.
This does not appear to be the situation at the Bellamy and Oyster 
Rivers, since recruitment of parasites occurred throughout most of the 
sampling period. The abrupt decrease of gravid worms after May 1975 
and 1976 in Bellamy River suckers may be explained by natural 
senescence. The movement of large suckers out of the Oyster River 
sampling area is the only factor which explains this abrupt decline in 
gravid worms at this locality.
Glaridacris laruei. This species in Oyster River suckers demon­
strated a seasonal pattern in mean intensity and maturation with peaks 
of both occurring simultaneously in April through June 1975, April and 
May 1976, and March 1977 (Figs. 11, 12). Factors involved in this 
seasonal cycle may be the same as those discussed for G_. catostomi 
(increased water temperature, increased host feeding, and migration of 
large suckers, etc.). If the data are presented differently (Fig. 13), 
maturation and growth were not seasonally periodic. Explanations for 
the discrepancies between Figs. 12 and 13 may be as follows: 1) the
maturation peaks became unidentifiable by the data in other months in­
cluded in their respective seasons, and 2) the percentage of individuals 
in each developmental stage was almost similar in each season, which in 
fact did occur. Lawrence (1970) reported that (3. laruei was most common 
in January through April.
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In contrast to the Oyster River results, infection rates and 
maturation of this species exhibited no seasonal pattern in Bellamy 
River suckers (Table 6), demonstrating that G. laruei exhibited dif­
ferent seasonal infection and maturation cycles at different localities 
in the same fish host. It is believed that fish size does play a role 
in the significant difference between mean intensities in May 1975 
through January 1976 and March 1976 through February 1977 because fish 
of a significantly larger (P<^0.001) size were collected in the former 
period (33.1 cm +_ 1.05) than in the latter (19.9 cm +_ .90). Other 
caryophyllideans which have been found not to exhibit seasonal cycles 
are Spartoides wardi in carpsuckers, Carpiodes spp. (Williams and Ulmer, 
1971) and Penarchigetes sp. in creek chubsuckers (Grimes and Miller, 
1976), and Hunterella nodulosa in white suckers (Mackiewicz and McCrae, 
1962; Calentine and Fredrickson, 1965; and Mudry and Arai, 1973).
The interpretation of the seasonal relationships of G_. laruei in 
Bellamy and Oyster River suckers is that there is a continuous source 
of infection of (3. laruei to tubificids, since gravid worms were re­
covered in every season. The recovery of immature worms in almost 
every season indicates that there is continuous recruitment into the 
infrapopulation in fish. Within this continuous cycle at the Oyster 
River there are peaks of recruitment and maturation, which may be re­
lated to the movement of large suckers into the sampling area from the 
New Reservoir.
Isoglaridacris bulbocirrus. A seasonal pattern in mean intensity 
and maturation was evident for _I^ bulbocirrus in Bellamy River suckers; 
they both peaked simultaneously'(Figs. 14, 15). This species has two
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generations per year, with a larger maturation peak occurring in the 
spring, and a smaller one occurring sometime in the fall. The recruit­
ment peaks in fall 1975 and 1976 followed the spring and/or fall matura­
tion peaks. It appears that this seasonal occurrence is influenced by 
the short duration of the maturation peaks, the brief life span of 
gravid worms in the fish host, and the build-up of infective procercoids 
in the fall which are available to fish. In contrast to these results, 
prevalence, mean intensity, maturation, and growth of I_. bulbocirrus 
were not seasonally periodic in suckers from the Oyster River (Table 7).
These seasonal infection differences also contrast the results of 
Lawrence (1970), who reported that the greatest number of parasites 
occurred in January through April, indicating that I_. bulbocirrus 
demonstrates various infection patterns at different localities in the 
same fish host. The inequality of the sizes of fish examined may 
account for these differences. The lack of seasonality in Oyster River 
suckers may be due to the small number of parasites recovered. Various 
seasonal infection patterns have also been described for C_. laticeps 
(Kennedy, 1970).
Except for I_. bulbocirrus, the percentages of individuals of each 
developmental stage in the infrapopulations of G_. catostomi and G_. 
laruei in Oyster River suckers were more evenly distributed than in 
Bellamy River hosts. The larger number of worms of these species re­
covered from the former hosts may explain this.
Intestinal Distribution
Site specificity by caryophyllid species in the intestine 
(usually the anterior portion) is common (Mackiewicz, 1972). The only 
species found throughout the gut of fish are Khawia iowensis,
Archigetes iowensis, and G_. confusus (Calentine and Ulmer 1961;
Calentine 1962; Calentine and Williams 1967).
Glaridacris catostomi and I_. bulbocirrus showed a distinct 
preference for intestinal segment 1 at both localities (Figs. 16, 18).
A significantly larger number of G_. laruei occurred in segments 4 and 5, 
and 5 in suckers from the Bellamy and Oyster Rivers, respectively (Fig. 
17). When heavier infections of £. catostomi occurred in Oyster River 
suckers during spring 1975 and 1976, large numbers of worms of each 
developmental stage were found in segments 2 and 3. The presence of _I_. 
bulbocirrus in segment 2, however, was not dependent on its density, 
since several worms were found there when segment 1 was not parasitized. 
Similarly, the increase in the distribution of G_. laruei into the an­
terior intestinal area had no relationship with mean intensity, because 
worms occupied the anterior region of the gut when the posterior region 
was not infected. There was no evidence of emigration or migration from 
one area to another between or within seasons. At autopsy, large in­
dividuals of each species were reflected upon themselves in the in­
testine. Detached worms collected from the gut were depressed dorso- 
ventrally. Similar intestinal distributions for these species were 
found by Lawrence (1968) and for (3. catostomi by Amin (1975).
Mackiewicz et al. (1972) reported that the scolex of G_. catostomi 
rested between the mucosal folds of the sucker intestine and that the
loculi grasped the tissue. It is believed that the anterior intestinal 
area, where the epithelial folds are highest in the white sucker in­
testine, is the most appropriate place for (3. catostomi to attach, since 
the scolex has to be between two mucosal folds so the loculi can grasp 
the tissue. This explanation can be suggested for I. bulbocirrus 
since it was also found in an anterior site and its cuneiform scolex is 
similar to the one of (3. catostomi (Mackiewicz et al., 1972).
Uglem and Beck (1972) found that while the anterior intestinal 
area of large-scale suckers exhibited large amounts of aminopeptidase 
activity, £. catostomi, which parasitized this area, demonstrated 
little activity.
Although the mean intensity of G. catostomi and I_. bulbocirrus 
(Bellamy River) in segment 1 and G. laruei in segment 5 were higher 
than those in adjacent segments, none of the differences were signi­
ficant . Gravid worms of I_. bulbocirrus were larger in segment 1 than 
those in segment 2 in Oyster River suckers, thus suggesting that seg­
ment 1 is the preferred site because maximum growth was attained there 
and a significantly larger number of individuals and gravid worms 
occurred there. The mean length of gravid catostomi increased as 
they occupied a more posterior site in the intestinal tract of Oyster 
River suckers; gravid worms in segments 2 and 3 were larger than those 
in segment 1. Similarly, gravid worms of G_. laruei in segments 3 and 4 
were larger than those in segment 5. In the latter two cases, maximum 
mean gravid worm length was attained in those segments where mean in­
tensity was lower when compared to those segments where mean intensity 
was highest and where a significantly larger number of individuals of
G_. catostomi and (3. laruei occurred. This is the first report of 
intraspecific competition to be found in the case of caryophyllids. 
Interspecific competition does not appear to affect this relationship; 
this subject will be discussed in the species relations and community 
diversity section.
Similarly, Read (1959) and Roberts (1961) reported that growth of 
Hymenolepis diminuta (Cestoda: Cyclophyllidea) decreased as the number
of tapeworms in an individual rat increased. This has been referred to 
as the crowding effect, and the former author (p. 380) stated, "The 
quality of carbohydrate ingested by the host has marked effects on 
growth rates, size attained, and reproductive rates." He also stated, 
"The crowding effect in cestode infections may be interpreted in terms 
of competition for utilizable carbohydrate by the individual worms in 
the population." This quality and/or quantity (Roberts, 1961) of carbo­
hydrate ingested by the host-parasite density-relationship may be in­
volved in the smaller lengths of gravid G_. catostomi and G. laruei in 
intestinal segments 1 and 5, respectively, in the white sucker.
Kennedy (1977) suggested that this type of competition may be a mech­
anism in regulating population densities of fish parasites.
Infection Patterns in the Fish Population
Glaridacris catostomi. Significant correlations indicated that 
both prevalence and mean intensity of G. catostomi increased as fish 
size increased at both localities. These increased infection rates are 
probably due to an increase in the number of infected oligochaetes eaten 
by larger fish. Based on examining the amount of material in the gut
during autopsy, it was obvious that large suckers had more material in 
their gut than did small hosts. Lawrence (1970) reported that suckers 
in the 5 and 5+ year group had the heaviest infections.
Gravid worms were usually found in large suckers during the 
spawning season or spring of the year, suggesting that parasite matura­
tion may have been affected by increased water temperature, or changes 
in host hormonal balance, or both.
Bauer (1961) found that the infection rates of C^. fimbriceps were 
higher in older carp than in younger hosts. Rakova (1953), however, 
reported that the prevalence of C_. laticeps decreased with the age of 
the chub, Li. idus, and attributed this decrease to the nonbenthic 
habits of older fish.
Glaridacris laruei. Although mean intensity was higher in larger 
fish than in smaller hosts, regression analysis could not describe the 
relationship. Significant correlations between prevalence and fish size 
at both localities indicated that prevalence increased as fish length 
increased up to about 35-40 cm and declined thereafter. These results 
contrast those of Lawrence (1970), who found that host age did not have 
an effect on the degree of infection.
Isoglaridacris bulbocirrus. The infection of I_. bulbocirrus was 
distributed throughout most of the size classes of fish sampled at the 
Oyster River and no group appeared particularly prone or immune 
(Table 12).
No relationship between mean intensity and length of fish was 
evident in Bellamy River suckers (Table 11). The variance of the
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linear relationship between host size and the prevalence of I_. 
bulbocirrus was low, as well as the variances of the significant re­
gression relationships for G_. catostomi and G_. laruei, indicating that 
the predictive value of the regression was high. A significant cor­
relation indicated that prevalence increased as fish length did. A 
similar relationship was also reported by Lawrence (1970). Although 
many large fish were examined, Mackiewicz (1965a) found that over half 
of the white suckers infected with I. bulbocirrus were under 122 mm. 
Amin (1969) reported that larger Sonora suckers (£. insignis) were more 
frequently and heavily infected with I. hexacotyle than smaller hosts.
Some relationships of prevalence and mean intensity of these 
cestode species with fish length have been described by different re­
gression models. This indicated that even though the infection rates 
of one or more species increased with fish length at both localities, 
the relationships were different and depended on the proportional 
changes in the independent and/or dependent variable, and also how they 
varied with one another.
When the data for each cestode species were combined, large 
suckers between 40-49.9 cm were more important in maintaining the 
caryophyllid populations than fish 2.7-9.9 cm in length at both 
localities, because 50.4% of the total number of worms were gravid in 
the former group, whereas only 23.3% were in the latter group. At the 
Oyster River, the cestode populations of each species are believed to 
be maintained by the spring migration of large suckers that harbor 
large numbers of gravid worms, by which cestode eggs are released into 
the environment at that time. The occurrence of more gravid worms of
£• catostomi, G_. laruei, and I_. bulbocirrus (Bellamy River) in larger 
rather than in smaller suckers may be due to the availability of more 
time for growth and copulation. The recovery of immature worms of all 
caryophyllid species in small as well as large Bellamy and Oyster River 
suckers indicates that fish of all sizes ingest oligochaete annelids.
As was the case for G_. catostomi and G. laruei, host sex was not 
found to be a significant factor in determining the infection rates of 
I_. bulbocirrus during the total sampling period (Table 13) or host 
spawning. Similar results were found by Lawrence (1970). Kennedy 
(1968) and Grimes and Miller (1976) claimed that the infection rates of 
CL laticeps and M_. ulmeri showed a relationship with sex. Borgstrom 
and Halvorsen (1968) reported that CL fennica was present in 12 of 118 
female Rutilus rutilus and absent in 25 males, and suggested that 
physiological differences between female and male fish could account 
for this.
The lack of caryophyllid infections in non-catostomid fish species 
examined at the Oyster River is not unusual (Mackiewicz, 1972) and is 
probably due to the physiological and/or ecological factors. Mackiewicz 
(1960, 1965a, b) found G. laruei, I. bulbocirrus, and (3. catostomi in­






Octospinifer macilentus. The prevalence of this species varied 
from 33.3-100% and showed no regular pattern in Bellamy River suckers 
(Table 14). Mean intensity values were irregular and below 19.0 in all 
months sampled, except in June 1975. The mean intensity of gravid 
females was high in June 1975 and 1976, August through September 1975, 
and September 1976 through January 1977. The mean intensity of im­
mature females and males less than 2 mm declined from a high in summer 
1975 to a low in winter, while in 1976 it increased from a low in 
spring to a high in winter.
There were no observed seasonal trends in maturation or length 
distribution in 0_. macilentus (Fig. 22). Recruitment of new individuals 
into the acanthocephalan infrapopulation occurred in every season. The 
percentage of gravid females over 7 mm in length in the infrapopulation 
was 25% or higher in each season. Individuals of each parasite size 
class were recovered in almost all seasons sampled. The size class of 
transition from female (). macilentus with ovarian balls to gravid fe­
males was the fourth one (7-8.9 mm), since it contained both groups.
The infrapopulation structure was 416 (12.6%) males under 2 mm, 954 
(29%) "adult males," 344 (10.5%) immature females, 600 (18.2%) females
with ovarian balls, and 975 (29.6%) gravid females. A significantly 
larger number of female worms was found than males during the entire
Neoechinorhynchus cristatus. The percentage of Oyster River 
suckers infected with this species was high (above 46%) in most months 
sampled and a seasonal trend was not evident (Table 15). Mean inten­
sity was high in September through December 1975, and unusually high in 
September through November 1976. The maximum mean intensity in 1975 and 
1976 occurred in October; these were 8.4 and 19.3, respectively. Sig­
nificant differences (P^O.OOl) found between seasonal intensities were 
as follows: spring 1975 (O.l)-summer (2.4), summer 1975 (2.4)-fall
(7.3), spring 1976 (4.1)-summer (6.4), summer 1976 (6.4)-fall (14.4), 
and fall 1976 (14.4)-winter 1976-1977 (3.4). These significant seasonal 
differences suggest that fall 1975 and 1976 were the periods when in­
fection rates were maximum.
Mean intensity values for gravid worms of IJ. cristatus exhibited 
a very erratic pattern and were not seasonally periodic (Table 15). 
However, a seasonal trend was evident for immature females and males 
less than 2 mm in which mean intensity increased from a low in spring 
to a high in October 1975 and 1976.
Neoechinorhynchus cristatus did not exhibit a seasonal cycle in 
maturation or in length distribution (Fig. 23). Gravid females over 5 
mm in length composed 15% or more of all the individuals recovered 
in most seasons. Worms in each parasite size class were common in 
most seasons, but gravid females over 9.9 mm were not recovered in the 
winter of 1975-1976 and 1976-1977, respectively. Recruitment of new
sampling within seasons.
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individuals (under 2 mm) into the parasite infrapopulation occurred in 
every season except spring 1975. Five hundred and twenty-three (20.2%) 
males under 2 mm, 797 (30.8%) "adult males," 195 (7.6%) immature fe­
males, 584 (22.6%) females with ovarian balls, and 482 (18.7%) gravid 
females were collected in the sampling period. The total numbers of 
male and female worms recovered were similar.
Pomphorhynchus bulbocolli. The prevalence of P_. bulbocolli in 
Bellamy River suckers was high (50% or above) in all months sampled 
(Table 16). Prevalence as well as mean intensity fluctuated erratically, 
and did not exhibit seasonal patterns. Exceptionally high mean inten­
sities occurred in May 1975, September and October 1975, and in 
December 1976. The mean intensity in May 1975 through January 1976 
(85.5 + 14.9) was significantly higher (P^jD.001) than in March 1976 
through February 1977 (34.8 + 5.5). Egg-bearing females occurred 
throughout most of the sampling period. The infrapopulation composi­
tion was 7005 (44.1%) males, 5120 (32.2%) females with ovarian balls, 
and 3747 (23.6%) gravid females.
Pomphorhynchus bulbocolli from Oyster River suckers exhibited a 
seasonal pattern in infection rates (Table 17, Fig. 24). Prevalence 
was high in spring 1975, winter 1975-1976, spring and fall 1976, and 
winter 1976-1977. Mean intensity was high in April through June 1975, 
April and May 1976, and March 1977. The significant seasonal intensity 
differences (P<\0.001) were as follows: spring 1975 (27.6)-summer
(10.2), spring 1976 (12.2)-summer (0.3), and fall 1976 (2.0)-winter 
1976-1977 (24.0). Gravid females were common in April through June 
1975, April and May 1976, and in March 1977. The peak of gravid worms
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in August 1975 resulted from the recovery of five gravid females from 
only one fish (17.2 cm long) out of 27 fish examined. The infrapopula­
tion structure consisted of 1385 (47.2%) males, 1221 (41.6%) females 
with ovarian balls, and 324 (11.1%) gravid females. Female worms 
occurred in significantly larger numbers than did males in both 
localities (P^0.005).
Intestinal Distribution
Octospinifer macilentus. In Bellamy River suckers segment 4 was 
occupied by a significantly larger number of worms and gravid females 
(P<^ _0.005) than segments 1-3 and 5, respectively (Fig. 25). The mean 
intensity in segment 4 (10.7 +_ 1.10) was significantly larger (P^O.Ol) 
than that in segment 3 (3.6 +_ 0.55). In segment 4 the mean sizes of 
males, gravid females, and females with ovarian balls were 4.7 mm +
0.10, 12.2 mm +_ 0.13, and 7.1 mm +_ 0.20, respectively. The sizes of 
individuals in segments 3 and 5 were smaller than those in segment 4. 
Segment 4 is approximately equal to 60-80% of the total gut length.
Neoechinorhynchus cristatus. All worms and gravid females in 
Oyster River suckers exhibited a distinct preference for segment 4 
(P^0.005) rather than segments 2-3 and 5, respectively (Fig. 26). 
Segment 4 (6.0 +_ 0.73) had a larger mean intensity than did segment 3 
(4.1 + 0.57). The mean sizes of males, gravid females, and females 
with ovarian balls in segment 4 were 3.5 mm +_ 0.01, 7.6 mm jh 0.16, and 
5.0 mm + 0.17, respectively. Only gravid worms in segment 3 were sig­
nificantly larger (8.7 + 0.29) than gravid females in segment 4
(P<^0.001). Immature females and males (under 2 mm) of N_. cristatus 
and £. macilentus were distributed similarly to adults of fJ. cristatus 
and (3. macilentus, respectively.
Pomphorhynchus bulbocolli. In Bellamy and Oyster River suckers, 
segment 4 was more heavily parasitized by all individuals and gravid 
females (P<^0.005) than segments 1-3 and 5, respectively (Figs. 27, 28). 
Segment 3 at both localities had smaller mean intensities (17.8 + 3.6 
and 8.9 4^ 1.93) than did segment 4 (29.9 + 4.1 and 15.8 + 2.5) of 
Bellamy and Oyster River suckers, respectively.
Infection Patterns in the Fish Population
Octospinifer macilentus. The prevalence of (). macilentus increased 
from 43.8% in small Bellamy River suckers to 86% in fish 5-9.9 cm in 
length and remained high in hosts up to 44.9 cm long (Table 18). Mean 
intensity increased steadily from 1.7 in small fish to 24.0 in fish 30-
34.9 cm long, and then decreased. Equation 10 describes the relation­
ship between mean intensity and mean fish size of each fish size class 
(r = 0.95):
y = -9.54 + 2.45x - 0.047x2 (Equation 10) 
where y = mean intensity and x is mean fish size. Although recruit­
ment of immature females and males less than 2 mm occurred in fish of 
all size classes, the largest number was found in hosts that were 15-
24.9 cm long. Gravid females were common in fish 5-39.9 cm in length.
Neoechinorhynchus cristatus. The prevalence of N. cristatus in 
Oyster River suckers was high in fish under 15 cm in length (Table 19).
Equation 11 describes the relationship between prevalence and mean fish 
size of each fish size class (r = 0.88):
y = -47.6 - 1.84x + 1.94x^ (Equation 11) 
where y = prevalence and x is mean fish size. Hosts 5-14.9 cm in length 
had high mean intensities. The occurrence of immature females and males 
less than 2 mm was confined primarily to fish under 15 cm. A signifi­
cantly larger number of gravid females occurred in fish 5-9.9 cm long 
than in fish 10-14.9 cm in length (P<^0.005).
Pomphorhynchus bulbocolli. The prevalence of ]?. bulbocolli in 
Bellamy River suckers increased from 6.3% in small fish to 93.8% in 
fish that were 10-14.9 cm in length and remained high as host length 
increased (Table 20, Fig. 29). After low mean intensity values in fish 
under 29.9 cm, it increased to 150.3 in fish 40-44.9 cm in length, and 
peaked at 286 in fish over 44.9 cm. Equation 12 describes the relation­
ship between prevalence and mean fish size of each fish size class 
(r = 0.85):
In y = -10.2 + 31.5x (Equation 12) 
where y = prevalence and x is mean fish size. Equation 13 describes 
the relationship between mean intensity and mean fish size of each fish 
size class (r = 0.91):
y = 61.2 - 8.50x + 0.261x2 (Equation 13) 
where y = mean intensity and x is mean fish size. Although the number 
of gravid females found increased as fish length did, the percentages 
of them in the worm infrapopulation of each fish size class were 
similar in fish above 9.9 cm.
The prevalence, mean intensity, and number of gravid females of 
P. bulbocolli in Oyster River suckers also increased as did fish size 
(Table 21, Fig. 30). Equation 14 describes the relationship between 
prevalence and mean fish size of each fish size class (r = 0.93): 
y = 19.6 + 6.55x - 8.86x^ (Equation 14) 
where y = prevalence and x is mean fish size. Equation 15 describes the 
relationship between mean intensity and mean fish size of each fish 
size class (r = 0.94):
In y = -2.05 + 1.58 lnx (Equation 15) 
where y = mean intensity and x is mean fish size. Except in fish 25-
29.9 cm in length, the percentages of gravid females were similar in 
hosts over 14.9 cm.
As was the case for 0_. macilentus and N_. cristatus, there were no 
significant differences in prevalence and mean intensity of P. 
bulbocolli between male and female fish for the entire sampling period 
(Table 22) or during host spawning at either locality.
Occurrence in Other Hosts
Two of 12 creek chubsuckers examined from the Oyster River were 
infected with small individuals of N. cristatus (Table 23). P. 
bulbocolli infected five other fish species besides white suckers; 
gravid females were found only in creek chubsuckers and golden shiners 
(Notemigonus crysoleucas). Both acanthocephalan species had intestinal 
distributions similar to the distributions when they occurred in suckers.
Other fish species that were examined, but which were not infected 
with P. bulbocolli and N. cristatus, were as follows (the number examined
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in parentheses): Centrarchidae - Lepomis gibbosus (18); Cyprinidae -
Notropis bifrenatus (6); Esocidae - Esox americanus (7); and Percidae - 
Etheostoma fusiforme (6). N. cristatus also did not infect the other 
species in the family Cyprinidae. All fish species mentioned above and 
those listed in Table 23 were not infected with 0. macilentus.
Discussion 
Seasonal Infection Patterns
Octospinifer macilentus. Prevalence, mean intensity, growth, and 
maturation of £. macilentus did not exhibit seasonal patterns in 
Bellamy River suckers (Table 14, Fig. 22). The recovery of gravid indi­
viduals and worms under 3 mm in all seasons indicated a continuous 
source of infection of £. macilentus to ostracods and fish, respectively. 
This species infected fish and grew throughout the year. Individuals of 
all size classes were common in fish throughout the sampling period.
Neoechinorhynchus cristatus. A seasonal pattern in prevalence was 
not evident for N. cristatus in suckers from the Oyster River (Table 15). 
The recovery of gravid females from fish in most months sampled indi­
cated a continuous source of infection to ostracods (Table 15). Re­
cruitment of worms under 2 mm occurred in almost every month, indicating 
a continuous source of infection to fish. The low mean intensity in 
spring through early fall and high mean intensity in late fall through 
early winter of both years corresponded to the results of the examina­
tion of larger suckers in the former period and of small fish in the 
latter period. The high mean intensity of male worms less than 2 mm 
and immature females in August through November 1975 and 1976 may also
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be explained by the examination of small suckers during these periods. 
This parasite infected fish and grew throughout the year, and individuals 
in most size classes were present in the infrapopulation in all seasons 
(Fig. 23). The parasite infrapopulation of N_. cristatus as well as 
that of (). macilentus is believed to be in a state of dynamic equilib­
rium since continuous recruitment was opposed by continuous mortality.
This non-seasonality in infection of 0_. macilentus and N_. 
cristatus was similar to the results of Walkey (1967) and Muzzall and 
Bullock (1978), who worked with N_. rutili and N_. saginatus, respectively. 
In contrast to these findings,McDaniel and Bailey (1974) and Eure (1976) 
reported a seasonal occurrence of N_. cylindratus in separate localities. 
In the last two investigations, however, the sampling periods consisted 
of 9 and 12 months, respectively, and it is not known: if a similar 
pattern would have occurred if another year of data had been collected.
Bullock (1955) reported that 14. cristatus was common in small 
Bellamy River suckers. In the present study, however, none of the 350 
suckers examined from this locality were infected. The Bellamy River 
sampling area has been altered since Bullock's study: a large dam was
built, thus forming the Bellamy Reservoir. This dam now separates the 
Bellamy River and Reservoir. This change in habitat and/or absence of 
an appropriate intermediate host may explain the complete absence of 
N_. cristatus from Bellamy River suckers today.
Pomphorhynchus bulbocolli. This species did not exhibit a 
seasonal pattern in prevalence, mean intensity, and maturation in 
Bellamy River suckers (Table 16). Gravid worms and small parasites 
were present throughout the year, indicating a continuous source of
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infection to amphipods and fish, respectively. Mean intensity was sig­
nificantly higher in May 1975 through January 1975 than in March 1976 
through February 1977. It is believed that fish size does play a role 
in this difference since suckers examined in the former period had a 
significantly larger (P^O.OOl) mean size (33.1 cm +_ 1.05) than did fish 
in the latter period (19.9 cm 0.90). This non-seasonality of P_. 
bulbocolli corresponds with observations on P. laevis by Hine and 
Kennedy (1974) and Rumpus (1975) infecting dace and bullhead (Cottus 
gobio), respectively. Other echinorhynchids which have not demonstrated 
seasonal infection cycles are Echinorhynchus (Acanthocephalus?) 
clavula (Chubb 1964) and E. truttae (Awachie 1965).
In contrast to the above findings, prevalence and mean intensity of 
P_. bulbocolli in suckers from the Oyster River were high in spring 1975, 
1976, and iri March 1977 (Fig. 24, Table 17). Recruitment of small worms 
occurred throughout the sampling period. Peaks in gravid female and 
overall mean intensity occurred together and corresponded to the col­
lection and examination of large suckers during the spring host 
spawning period. These seasonal infection cycles appear to reflect the 
movement of large suckers into the sampling area from the New Reservoir, 
and the changes in the size composition of the sucker population ex­
amined at the Oyster River. See caryophyllid discussion (G. catostomi, 
pp. 34-37) for a discussion of other factors which may play a role in 
this seasonal mean intensity pattern of ]?. bulbocolli
Comparison between the infection rates of non-spawning and 
spawning suckers at the Oyster River could not be done because suckers 
examined in the summer and fall 1975 and 1976 were small, and large
suckers were not collected in these periods. A few small suckers did 
harbor gravid females during certain times of the year. At the 
Bellamy River, several suckers that were collected during non-spawning 
times and which did not exhibit internal or external spawning charac­
teristics were infected with large numbers of gravid females. Lawrence 
(1970) found that infection rates of P_. bulbocolli were significantly 
higher during the summer.
Chubb (1964) and Tedla and Fernando (1970) mentioned that when the 
aquatic environment does not freeze over, some fish acanthocephalans 
do not exhibit a seasonal occurrence; if the area freezes over, there is 
such a seasonal occurrence. These authors were referring mainly to in­
vestigations that occurred in large bodies of water (lakes and seas). 
Although ice is present on the Oyster and Bellamy Rivers from about the 
second week'of December to the first part of March, 0. macilentus, N. 
cristatus, and P_. bulbocolli did not exhibit seasonal infection cycles. 
Changes in the white sucker's hormone levels during spawning do not 
effect parasite recruitment and maturation because worms under 2 mm and 
gravid females of 0^  macilentus, N. cristatus, and P. bulbocolli were 
present throughout most of the sampling period. The seasonal pattern 
of P. bulbocolli at the Oyster River appears to be related to the move­
ment of large suckers from the New Reservoir into and out of the 
sampling area.
Although there were differences in infection rates of P^. bulbocolli 
between male and female suckers during the spawning period and total 
sampling period, distinct patterns of infection for fish sex were not
evident. Hine and Kennedy (1974), Rumpus (1975), and Lawrence (1970) 
did not find a relationship between infection rates and host sex for 
P_. laevis and P_. bulbocolli.
The infrapopulation number was larger in Bellamy (15,872) than in 
Oyster River suckers (2,930), and may be due to the fact that a larger 
number of hosts over 20 cm in length were examined from the former 
locality, and that infection rates of P. bulbocolli increase as fish 
increase in size. The percentage of occurrence of each stage of P_. 
bulbocolli was more equally distributed in Bellamy than in Oyster River 
hosts.
Intestinal Distribution
Octospinifer macilentus. All stages of 0_. macilentus showed a sig­
nificant preference for segment 4 of the sucker intestine (Fig. 25).
Since gravid females attained a larger mean length in segment 4 than in 
segment 3, segment 4 (60-80%) of the intestine is designated the 
preferred habitat of (D. macilentus. The presence of low epithelial 
folds where 0. macilentus attaches, and its small proboscis and hooks, 
may play a role in determining its site. Worms were found in segment 3 
when the intensity of infection in segment 4 was large. It is not 
known if the worms in segment 3 became established there or if they 
attached in segment 4, detached, and then moved forward. Van Cleave 
and Haderlie (1950) reported that 0_. torosus was limited to about the 
middle third of the intestine of the Sacramento sucker (<J. occidentalis).
Chaicharn and Bullock (1967, p. 35) stated that, "The most pro­
nounced tissue reaction of the fish intestine was due to the penetration
of the female worm, resulting in nodule formation; in contrast, males 
did not penetrate so deeply." I also found this to be true; female 
worms were more difficult to detach than males. This stronger attach­
ment, plus the suggestion of Harms (1965) that females live longer than 
males, may be reasons why a significantly larger number of female worms 
were collected than males. On several occasions, small worms of 0_. 
macilentus were attached to the nodules. Living worms of 0_. macilentus, 
as well as N. cristatus were laterally compressed. A small number of 
individuals of each species was found bent and reflected on themselves.
Neoechinorhynch'us cristatus. Chaicharn and Bullock (1967) reported 
that N. cristatus, N. prolixoides, and 0. macilentus inhabited the pos­
terior portion of the white sucker intestine. Uglem and Beck (1972) 
found that subadult N. cristatus had a mean point of attachment at about 
60% of the intestinal length of the large-scale sucker, while adults had 
a mean attachment point of 68%, suggesting an overall posterior migra­
tion during maturation of the worms.
The intestinal distribution of N_. cristatus in the present study 
(Fig. 26) was similar to those mentioned above. The low epithelial 
folds of the posterior portion of the sucker intestine in conjunction 
with the small proboscis and hooks of N. cristatus may be involved in 
this posterior distribution. Biochemical factors are probably also in­
volved in the intestinal distribution of fish parasites (Uglem and Beck 
1972).
Although segment H had a significantly larger mean intensity than 
did segment 3, gravid worms in segment 3 were significantly larger 
than those in segment M-. Factors involved in this relationship may be
similar to those operating in the cases of G_. catostomi and G. laruei 
(caryophyllid discussion, p. 42). A large number of worms was found in 
segment 3 and to a lesser extent in segment 5 in the summer and fall of 
1975 and 1976, when infection rates were high in segment 4.
Neoechinorhynchus cristatus was weakly attached to the intestine 
and in many instances by their own active movements, detached themselves. 
This weak attachment may account for the sex ratio that was close to 
1:1 (1,320 males and 1,261' females). Muzzall and Bullock (1978) found 
that N_. saginatus was hard to detach (unpublished observations) and 
that the preferred habitat of this species in fallfish was segment 2 
(20-40%) of the intestine. Bibby (1972) recovered 75% of N_. rutili 
from the anterior intestinal area of the minnow, Phoxinus phoxinus; 
while Tesarcik (1972) observed that this same species occurred throughout 
the carp intestine. From the known information about the intestinal 
distribution of fish neoechinorhynchids, it is apparent that those in­
fecting catostomid fish, except for N_. crassus (Uglem and Beck, 1972), 
inhabit the posterior area, while those in fish of the family Cyprinidae 
occur in the anterior area or throughout the gut.
Pomphorhynchus bulbocolli. This species exhibited a distinct 
preference for segment 4 at both localities (Figs. 27, 28). Since 
mean intensity was also highest in segment 4, this area (60-80%) of the 
sucker intestine is the preferred habitat of P_. bulbocolli. The para­
site normally occurred in segment 4 when hosts were lightly infected, 
but when infection rates were high, worms were also found in segments 
2-3 and 5. Chaicharn and Bullock (1967) reported that P_. bulbocolli
usually inhabited the area between the middle and posterior intestine. 
Rumpus (1975) stated that P_. laevis was found along the entire intestine 
of the bullhead, with the exception of the stomach.
This distribution may occur because .P. bulbocolli is found in the 
area of the intestine where the epithelial folds are low; in small, 
newly recruited worms, the proboscis bulb has not yet formed and it is 
believed that these small worms orient themselves between the epithelial 
folds and begin to penetrate the mucosa with their proboscis. Once 
penetration and growth have occurred, the bulb begins to form and 
attachment is complete. In the anterior intestine, the epithelial folds 
may be too deep for penetration to occur, but it does not prevent es­
tablishment there completely. Obviously, other factors, such as bio­
chemical ones, how long and where digestion of infected intermediate 
hosts occur, larval activation, and densities of parasites in each area 
may play a role in this.
More female ]?. bulbocolli than males were found in suckers from 
both rivers. Similar results were reported for E. clavula by Chubb
(1964), E_. truttae by Awachie (1965), ]?. bulbocolli by Chaicharn and 
Bullock (1967), and A_. parksidei by Amin (1975), and may be due to the 
early elimination of presumably shorter-lived males. Hine and Kennedy 
(1974) reported that the sex ratio of P_. laevis showed no seasonal 
trends, but was slightly in favor of males for most of the time.
In several large suckers that were examined at both localities, 
there were more presomal capsules of ]?. bulbocolli in the intestinal 
wall than living worms in the lumen. In fact, the number of live para­
sites was small. Similar observations were made by Chaicharn and Bullock 
(1967).
Infection Patterns in the Fish Population
Octospinifer macilentus. Van Cleave and Mueller (1934) and Harms
(1965) found that suckers six inches in length or smaller were more 
heavily parasitized by 0_. macilentus than large fish. The latter 
author found only one fish over nine inches in length which was infected 
this fish measured 16 inches in length. In contrast to the above re­
sults, Van Cleave and Haderlie (1950) reported that only large Sacra­
mento suckers, 50 cm in average length, were regularly and heavily in­
fected with 0_. torosus. The relationships of prevalence and mean in­
tensity of £. macilentus with fish size at the Bellamy River are inter­
mediate between the above situations, since prevalence was above 50% in 
most fish size classes and that a significant correlation suggested that 
mean intensity increased as hosts increased up to 30-34.9 cm in length, 
and then decreased.
Host sex was not a factor in determining infection rates (Table 
22). Immature and gravid worms infected fish in almost all size classes 
(Table 18), suggesting that suckers of both sexes and of all sizes feed 
on ostracods and are equally susceptible to infection. While the per­
centages of immature worms comprising the infrapopulation in each fish 
size class decreased in fish that were over 29.9 cm, the percentages of 
gravid females in the worm infrapopulation of each fish size class were 
similar no matter what the mean intensity.
Neoechinorhynchus cristatus. The significant correlation indi­
cated that as fish length increased, prevalence decreased, and then in­
creased slightly in hosts 25-34.9 cm in length. The differences in
prevalence and mean intensity between small and large fish from the 
Oyster River suggest that small suckers (under 14.9 cm in length) feed 
on more ostracods than do larger ones. To what extent, however, could 
not be determined at autopsy. Stewart (1926) reported that sucker 
fingerlings (18-75 mm in length) and adults (over 75 mm in length) both 
fed on ostracods. Muzzall and Bullock (1978) found immature N_. 
saginatus in small and large Oyster River suckers, indicating that large 
suckers also ingest ostracods. Thus physiological rather than ecolog­
ical factors may be more important in this lack of infection of N. 
cristatus in large suckers.
Arai and Kussat (1967) reported that suckers averaging 121 and 103 
mm were more heavily infected with N_. cristatus than smaller fish (61 
and 54 mm). In contrast to these results, Bullock (1963) found that N^. 
prolixoides was associated with large creek chubsuckers and white 
suckers in large ponds. Muzzall and Bullock (1978) reported that the 
infection rates of N. saginatus increased as fallfish length increased.
Pomphorhynchus bulbocolli. Significant correlations indicated that 
both prevalence and mean intensity of P. bulbocolli increased as fish 
size did at both localities. The predictive value of the regression 
analyses, as well as those for 0. macilentus and N_. cristatus seemed to 
be good, since the variance of each relationship was low. Hine and 
Kennedy (1974) and Rumpus (1975) found that the mean worm burden of 
£. laevis increased with host age. The former authors suggested that 
this increase in mean intensity with age was attributed to an increase 
in the level of feeding with increased age. This is also believed to 
account for the increased infection rates of P. bulbocolli in larger
fish at the Bellamy and Oyster Rivers. Other factors which may play a 
role in this are: changes in feeding habits and/or food items as host
size increases; as the fish increase in size, so does the intestine; 
therefore, there is more space and a larger surface area to attach to 
and occupy. Since larger fish are feeding more, the probability of 
their eating infected amphipods is increased, thus increasing preva­
lence. Lawrence (1970) did not find a relationship between infection 
rates of IP. bulbocolli and fish age.
Although the number of gravid females increased with increasing 
host length, the percentages of gravid females were similar in each 
size class above 9.9 cm. This was also found to be the situation at 
the Oyster River, except the percentage of gravid females was low in 
fish under 15 cm. These relationships at both localities suggest that 
the percentages of gravid females will remain similar in fish over 15 
cm in length no matter what the magnitude of the mean intensity.
The occurrence of I\ bulbocolli in non-catostomid fish species is 
not unusual (Hoffman, 1970). Fischthal (1947) recovered both larval 
and adult P_. bulbocolli from 24 Wisconsin fish species. Samuel, Nickol, 
and Mayes (1976) found P_. bulbocolli in 11 species of freshwater fish; 
the specific details of the occurrence of gravid worms were not given, 
but mature worms were recovered from the flathead chub, Hybopsis 
gracilis. Harley (1977) found 100 white crappies (Pomoxis annularis) 
infected with ]?. bulbocolli. He stated (p. 136), "The second inter­
mediate host for this parasite is small fish (Cyprinidae)," but 
presented no natural or experimental evidence for this statement con­
cerning the life cycle of this parasite species.
From the results of the Oyster River and above studies, it can be 
concluded that P_. bulbocolli infects several freshwater fish species. 
The small number of host species in which P_. bulbocolli matures (gravid 
worms were recovered) compared to the large number of species in which 
it occurs, suggests that physiological factors are important in the 
maturation of this species.
SECTION VIII
SPECIES RELATIONS AND COMMUNITY DIVERSITY 
Results and Discussion 
Species Association
Suckers at each locality were more commonly infected with two 
parasite species than any other number, while two fish were infected 
with six species (Table 24). Thirteen and 12 fish, respectively, did 
not harbor any parasites at the Bellamy and Oyster Rivers. The number 
of times any two species occurred together in Bellamy River suckers 
is shown in Table 25. 0_. macilentus and P_. bulbocolli parasitized 224
fish together. One hundred and twenty-eight fish were infected simul­
taneously with G. laruei and P^. bulbocolli. Twenty-one (6%) suckers 
were infected with all three caryophyllid species; the mean length of 
these fish was 35.1 cm + 2.31. Based on significant correlation 
coefficients, the species pairs G_. catostomi-G. laruei, (3. catostomi- 
I_. bulbocirrus, (3. laruei-P. bulbocolli, and I_. bulbocirrus-P. 
bulbocolli exhibited a tendency to occur together to a degree greater 
than could be attributable to chance alone.
In Oyster River suckers T_. attenuatum and N. cristatus occurred 
together 146 times (Table 26). The second largest number of fish that 
were infected with two parasite: species ^G. laruei and N_. cristatus) 
at the same time was 94. The mean length of the 10 (2.3%) suckers 
which were infected with all three caryophyllid species was 27.7 cm +
4.05. The species pairs £. catostomi-I. bulbocirrus, G_. catostomi- 
P. bulbocolli, G. laruei-I. bulbocirrus, G. laruei-P. bulbocolli, and
I. bulbocirrus-P. bulbocolli were associated together more than could 
be attributable to chance alone.
Suckers at both localities infected with 1-6 parasite species had 
similar infection percentages (Table 24). The percentages of suckers 
parasitized by all three cestode species simultaneously were small 
compared to the results of Mackiewicz et al. (1972) and Grimes and 
Miller (1976). The significant correlations for several parasite 
species pairs at each locality may be the result of: 1) suckers
feeding on a large variety of organisms (both in numbers and species) 
which serve as intermediate hosts for the parasites found in each 
river, 2) intermediate hosts for two or more parasite species occurring 
together, and 3) the infection rates of almost all species involved 
increasing as fish size increased. The significant negative correla­
tion between N. cristatus and P_. bulbocolli in Oyster River suckers was 
probably due to the fact that infection rates of N. cristatus de­
creased as fish size increased, while those of P_. bulbocolli increased.
Triganodistomum attenuatum, G_. catostomi, and G_. laruei in 
Oyster River suckers were more variable in their infection rates than 
the same species in Bellamy River suckers (Table 27). This situation 
was reversed for I. bulbocirrus. P_. bulbocolli exhibited similar
variation at both localities.
Community Diversity
Wilson and Bossert (1977) defined the diversity of species abun­
dance (Hg) as, "the number of species present and the relative abundance 
of each." The manner in which individuals are distributed among 
species in a community is reflected by community diversity, which is 
calculated by the equation:
.Hs = P/C (lnp/C)
J. = 1
where Hs is the amount of diversity in a group of S species, S is the 
number of species in the group, p/C is the relative abundance of the 
JLth species measured from 0 to 1.0, and lnp^ i is the natural logarithm 
of px» This measure of diversity is also known as the Entropy Measure, 
the Information Measure, or the Shannon-Wiener Information Measure.
In this study, the terms diversity of species abundance and community 
diversity both refer to the number of parasite species infecting the 
white sucker and the relative abundance of each species.
The species density (number of parasite species commonly occurring 
in suckers at the Bellamy and Oyster Rivers) was six. The diversity of 
species abundance of the endohelminth community in Bellamy River suckers 
for the entire sampling period was 0.7296 (Table 28). The percentage 
composition (in parentheses) for the number of individuals of each 
species in the community was as follows: IL bulbocolli (77.8%), CL
macilentus (16.1%), G_. laruei (2.6%), I_. bulbocirrus (1.9%), (3. 
catostomi (1.0%), and T_. attenuatum (0.6%).
In Oyster River suckers the Hs of the endohelminth community was 
1.5161 (Table 29). The percentage of the number of individuals of each
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species in the assemblage was as follows: P_. bulbocolli (30.1%), N.
cristatus (26.5%), (3. catostomi (22.4%), G. laruei (15.4%), T_. 
attenuatum (4.9%), and I_. bulbocirrus (0.7%).
The helminth faunas at both localities were similar except that 
0. macilentus commonly occurred in Bellamy River suckers and N_. 
cristatus occurred in Oyster River suckers. The difference in the Hs 
between Bellamy and Oyster River suckers may result from the more nearly 
equal abundance of the parasite species in hosts from the Oyster River, 
and physical differences between the rivers. Individuals of each 
species at the Oyster River did not comprise more than 31% of the com­
munity, whereas individuals of P_. bulbocolli comprised 77.8% at the 
Bellamy River. This may be related to the fact that more large suckers 
were examined from the Bellamy River than from the Oyster River, and 
knowing that infection rates of P. bulbocolli increased as fish size 
did, may also be involved in this difference. The Oyster River is 
smaller than the Bellamy River and its bottom is silt and mud; it has 
numerous tree stumps and branches in it, while the bottom of the 
Bellamy River is composed of gravel and stones.
Lockard, Parsons, and Schaplow (1975, p. 446) suggested that 
brown trout in large streams had a greater diversity of nematode 
species than did those in small streams, and stated, "It would be ex­
pected in a large river with diverse habitat niches that the chance of 
intermediate and definitive hosts for a certain parasite existing to­
gether would be greater than in a smaller stream with a more restricted 
type of habitat."
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Seasonal Relationships of Parasite Communities
The species density for each sampling period at the Bellamy River 
was six, except for fall 1975. The diversity of species abundance 
decreased from 0.8747 in spring 1975 to 0.4941 in fall 1975 (Fig. 31) 
and may be attributed to the absence of T\ attenuatum and the increase 
of worms of P_. bulbocolli. It then increased in winter 1975-1976 to 
1.4389 due to a decrease of P_. bulbocolli and an increase in the num­
bers of G_. laruei and 0_. macilentus. The spring 1976 decrease to 
0.7774 and the similar diversity values throughout the rest of the 
seasons resulted from increases in the numbers of acanthocephalans and 
a decrease in the other species. P_. bulbocolli represented at least 
65% of all season assemblages, except in winter 1975-1976 when it was 
46.8%. 0_. macilentus was the next most common species and worms of
G_. laruei represented 24.8% of the winter 1975-1976 community.
For each sampling season at the Oyster River, the species density 
was also six. The high Hg values in spring and summer 1975, winter 
1975-1976, spring 1976, and winter 1976-1977 resulted from the re­
covery of similar numbers of bulbocolli, G. catostomi, and G_. 
laruei (Fig. 31). An increase in the numbers of N_. cristatus and a 
decrease in other species resulted in the fall 1975 and summer and 
fall 1976 diversity declines. Generally, this diversity pattern 
corresponded to the movements of large suckers from the New Reservoir 
into and out of the Oyster River sampling area. Diversity was high 
when large fish were examined and low when small hosts were examined. 
These high seasonal diversities may in actuality represent the diversity 
of the parasite fauna in suckers from the New Reservoir.
Although community diversity values were lower in Bellamy River 
suckers than in Oyster River fish in most seasons, the seasonal pat­
terns were similar, except in winter 1976-1977, when it declined in 
Bellamy River hosts. Similarly, Cloutman (1975) found that the para­
site community diversity of largemouth bass (Micropterus salmoides) 
and warmouth sunfish (Lepomis gulosus) decreased in the fall and 
peaked in later winter and early spring.
Intestinal Distribution of Parasite Communities
The Hs was 0.8223 in intestinal segment 1 of Bellamy River suckers 
(Fig. 32). Five species occurred there and the majority of individuals 
found were I_. bulbocirrus (62.9%) and £. catostomi (32.4%). Although 
six species were found in segment 2, the caryophyllid species, es­
pecially I_. bulbocirrus, dominated this area. The number of species 
occurring in segments 3-5 were 6, 4, and 5, respectively. The Hs de­
crease in segment 3 was due to the large number of acanthocephalans in 
that area. Eighty-five percent, 79%, and 75.3% of the worms recovered 
in segments 3-5, respectively, were IP. bulbocolli. 0_. macilentus
represented 11.6% and 18.6% of the assemblages in segments 3 and 4, 
while 16.6% of the parasites that occurred in segment 5 were G^  laruei.
Segment 1 of Oyster River suckers had the lowest Hs value; four 
species occurred there and 95% of the parasites found in that segment 
were G^. catostomi (Fig. 32). While segment 2 had the highest species 
density (6), the community was dominated by individuals of (3. catostomi 
(82.2%) and £. laruei (11.6%). Segments 3-5 each had a species density 
of 4. 1£. cristatus and P. bulbocolli were very prevalent and approxi­
mately equally abundant in segments 3 and 4. G. laruei increased in
numbers in segments 3 and 4 and represented 62.2% of' the community in 
segment 5. .P. bulbocolli, T_. attenuatum, and N_. cristatus were also
common in this area.
Each intestinal segment of Bellamy and Oyster River suckers was 
characterized by the occurrence of two or more parasite species and 
the helminth fauna from the anterior to the posterior portion of the 
intestine changed in its species composition (Figs. 33, 34). I. 
bulbocirrus and (3. catostomi inhabited intestinal segments 1 and 2 and 
few were ever found outside this area. The number of worms of the four 
other species at each locality began to increase in segment 3. The 
acanthocephalan species and T\ attenuatum were most prevalent in seg­
ment 4, while G_. laruei primarily occurred in segments 4 and 5.
There was no evidence of competitive exclusion between parasite 
species in suckers from the Bellamy and Oyster Rivers, since the number 
of individuals of a species occupying an intestinal segment in single 
and concurrent infections did not differ significantly. Similarly, 
Kennedy (1977) did not find any interactions (not specified) between 
P_. laevis and other parasite species in fish.
Two investigations commonly cited as examples of non-specific 
immunity and competitive exclusion among fish intestinal helminths are 
those of Cross (1934) and Chappell (1969). Cross found that ciscoes 
infected with 15 individuals of Neoechinorhynchus sp. had few tape­
worms, while fish harboring more than 25 tapeworms (Proteocephalus 
exiguus) had few or no acanthocephalans, and suggested this could be 
the result of a non-specific immunity. The sizes of the ciscoes ex­
amined were not included and it is known that ciscoes of different 
sizes have different diets (Scott and Crossman 1973). Investigations
have shown that some fish have specified feeding behavior and search 
images which depend on prey density (Higgins 1966 and Werner and Hall 
1974). Another explanation for Cross's results could be variations in 
the host's diet as a result of size (age) and/or that some ciscoes 
developed a search image for copepods, while others did for ostracods, 
thus explaining the infection differences found.
Chappell (1969.) reported that P_. filicollis and N. rutili ex­
hibited competitive exclusion in natural concurrent infections of the 
three-spined stickleback, Gasterosteus aculeatus. In concurrent in­
fections, a significantly larger number of adult cestodes occurred in 
the anterior half of the intestine than in the posterior portion and a 
significantly larger number of acanthocephalans parasitized the rectum 
than the posterior intestinal area. Gravid worms of N_. rutili were 
not found by Chappell and so it is possible that N_. rutili moved 
posteriad, because they were in an "unnatural host." Hopkins (1959), 
not cited in Chappell, reported an anterior migration of P_. filicollis 
as it matured in three-spined sticklebacks. Since some sticklebacks 
in Chappell's study were held for five days between capture and exam­
ination, it seems this is ample time for N_. rutili to move posteriad 
and P_. filicollis to move forward.
Before statements can be made about non-specific immunity and 
competitive exclusion among fish intestinal parasites, more informa­
tion is needed on fish feeding behavior, the distribution and in­
fection rates of intermediate hosts, and whether parasite movement 
does occur in the fish gut. At the present time, laboratory investi-
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gations are needed and have not been performed to document the occur­
rence of non-specific immunity and competitive exclusion among fish 
intestinal helminths.
Relationships Between Parasite Communities 
and Host Size and Sex
The species density for each fish size class at the Bellamy River 
was six, except for the following size classes (species density in 
parentheses): 0-4.9 cm (3), 5-9.9 cm (5), and 45-49.9 cm (5). The
diversity of species abundance gradually increased from 0.7533 in fish 
5-9.9 cm in length to 1.2074 in hosts 25-29.9 cm long, and then de­
creased as fish length increased (Fig. 35). C). macilentus and P_.
bulbocolli dominated the communities in hosts of all size classes. P_.
bulbocolli represented 92.3% and 98.3% of all the parasites found in 
fish 40-44.9 cm and 45-49.9 cm in length, respectively.
At the Oyster River the species density was six for all fish size 
classes, except for the 30-34.9 cm and 45-49.9 cm size classes, in 
which it was four and three. The Hg increased from 0.8125 in fish 
10-14.9 cm in length to 1.2719 in hosts 15-19.9 cm in length, was 
similar in fish up to 34.9 cm long, and declined thereafter (Fig. 35). 
N_. cristatus and ]?. bulbocolli were the dominant helminths in fish 
2.3-14.9 cm and 15-29.9 cm in length, respectively. Maximum diversity 
occurred in fish that were 30-34.9 cm in length; only G_. catostomi, G_. 
laruei, P_. bulbocolli, and T. attenuatum parasitized these hosts, but 
individuals of each species were approximately equally abundant. P_. 
bulbocolli, G_. catostomi, and G_. laruei were very prevalent in fish 
over 34.9 cm.
There was no significant correlation between the diversity of 
species abundance and fish size at either locality; a definite increase 
or decrease in diversity did not occur as host increased in length.
In contrast to these results, Cloutman (1975). who worked with ecto­
parasites and endoparasites, reported that community diversity tended 
to increase with age of largemouth bass, warmouth sunfish, and bluegill, 
L_. macrochirus.
Fish sex did not significantly affect the diversity of species 
abundance at either locality. At the Bellamy River the Hs was 0.7010 
for males and 0.7529 for females, while at the Oyster River it was 
1.5180 and 1.4-847 for males and females, respectively.
SECTION IX
OTHER PARASITES
The haemoflagellate, Cryptobia catostomi (Protozoa:
Zoomastigophora: Cryptobiidae) was described from specimens recovered
from the white sucker in southern Ontario by Bower and Woo (1977).
They demonstrated that C_. catostomi has three morphological types and
discussed the taxonomic problems of the genus Cryptobia.
Examination of fresh and Giemsa-stained blood smears yielded a 
haemoflagellate ("small" and "large" individuals) from Oyster River 
suckers of the genus Cryptobia. Because body measurements of 25 speci­
mens are similar to those measurements given by Bower and Woo (1977), 
this species is tentatively identified as C. catostomi. A total of 
237 suckers (129 male and 108 female) out of 353 examined were infected 
with C_. catostomi. The ranges and mean lengths (+^  standard deviation) 
of infected male and female fish were 4.9-40.8 (14.1 cm +_ 7.76) and 
4.6-44.0 (14 cm +_ 9.0), respectively. The prevalence of C_. catostomi 
was 36% or higher in all months sampled during the period March 1976 
through August 1977.
A nematode, Philometroides sp. (Nematoda: Dracunculoidea:
Philometridae) was found in the pelvic, dorsal, or anal fins of Oyster 




This investigation reports the seasonal occurrence, population 
biology, intestinal distribution, host specificity, and community 
diversity of six endohelminths occurring in the white sucker 
(Catostomus commersoni) from the Bellamy and Oyster Rivers, New 
Hampshire. Fish were collected at the former and latter localities 
for 22 and 24 months, respectively.
The parasite species (I. bulbocirrus and N. cristatus in Oyster 
River suckers, and G_. laruei, 0_. macilentus, and P_. bulbocolli in 
Bellamy River suckers) did not exhibit seasonal infection patterns.
On the other hand, the mean intensities of T\ attenuatum at both 
localities, G. catostomi, G. laruei, and P. bulbocolli in Oyster River 
suckers were high in spring 1975 and 1976. A seasonal infection 
pattern of I_. bulbocirrus occurred in Bellamy River suckers, with mean 
intensity high in spring and fall. When the results of this study at 
each locality are compared to each other and to those of other studies, 
it is evident that a species lacking a seasonal cycle in one locality 
may have a seasonal cycle elsewhere.
Each parasite species demonstrated a distinct preference in occur­
rence for one or more areas of the white sucker intestine. G. catostomi 
and I. bulbocirrus occurred in the anterior intestinal area. 0^. 
macilentus, N. cristatus, and P. bulbocolli showed a distinct preference 
for the mid to posterior portion of the intestine. Most worms of T.
attenuatum and G^. laruei were found in the posterior intestinal area. 
The intestinal areas parasitized were the same for each parasite 
species in suckers at different localities. There was no evidence of 
interspecific competition between parasite species. Intraspecific 
competition was apparent for £. catostomi, G_. laruei, and N. cristatus 
in which the mean lengths of gravid worms were smaller in those in­
testinal areas where mean intensity was highest, and where a signi­
ficantly larger number of individuals occurred.
Triganodistomum attenuatum and N_. cristatus were the only species 
whose infection rates did not significantly increase as host length 
increased.
The parasites that commonly occurred in Oyster River suckers were 
infrequently found in other fish species. .P. bulbocolli parasitized 
five species of fish besides the white sucker, and gravid worms were 
found in creek chubsuckers and golden shiners.
Oyster River suckers had a higher diversity of species abundance 
(Hg) than did Bellamy River suckers. The Hg values were high in 
spring 1975, winter 1975-1976, and spring 1976. The diversity of 
species abundance varied from one intestinal area to another. No 
definite changes in Hg were evident at either locality as fish length 
increased. Significant differences in diversity were not found between 
male and female fish.
Table 1. Prevalence (%) and mean Intensity + standard deviation of the endohelminths recovered from 
350 and 423 C. commersoni from the Bellamy and Oyster Rivers, examined in the periods of 
May 1975 through February 1977 and April 1975 through March 1977, respectively.
_________ Bellamy River________
No. fish Mean









(10.6) 3.0 + 3.1 1-15
(17.1) 3.1 + 4.9 1-27
(37.1) 4.'1 + 6.9 1-60
(22.6) 4.8 + 8.8 1-55
( 3.7) 1.8 + 1.9 1-6
(75.4) 12.5 + 19.7 1-132
0 0 
(84.3) 54.2 + 115.0 1-1009
_________ Oyster River_________
No. fish Mean
infected (%) intensity Range
181 (42.7) 2.7 + 5.8 1-55
98 (23.2) 22.1 + 51.9 1-250
166 (39.2) 9.0 + 22.9 1-246
31 ( 7.3) 2.1 + 1.7 1-8
0 0 0
18 ( 4.3) 1.1 + 0.4 1-2
317 (74.9) 8.3 + 12.7 1-116
144 (34.0) 20.7 + 42.8 1-314
Table 2. Prevalence and mean intensity of T\ attenuatum recovered from 350 Bellamy River white
suckers of various size classes (cm), examined in the period of May 1975 through
February 1977.
No. infected No. worms recovered
Fish size Mean fish No. fish and Mean intensity +  and percentage
class size examined prevalence standard deviation Total Non-gravid Gravid
0 - 4.9 3.9 16 0 ( 0) 0 + 0.00 0 0 ( 0) 0 ( 0)
5 - 9.9 7.2 86 1 ( 2.0) 4.0 + 0.00 4 4(100.0) 0 ( 0)
10 - 14.9 13.3 32 2 ( 6.3) 1.5 + 0.71 3 0 ( 0) 3(100.0)
15 - 19.9 17.1 51 4 ( 7.8) 2.7 + 2.87 11 4 (36.7) 7 (63.3)
20 - 24.9 21.9 23 3 (13.0) 3.6 + 1.73 11 7 (63.6) 4 (36.4)
25 - 29.9 27.8 23 6 (26.1) 4.7 + 5.20 28 4 (14.3) 24 (85.7)
30 -34.9 32.6 16 6 (37.5) 1.3 + 0.89 8 1 (12.5) 7 (87.5)
35 -39.9 37.7 50 10 (20.0) 4.0 + 3.68 40 3 ( 7.5) 37 (92.5)
40 - 44.9 42.3 40 5 (12.5) 1.6 + 1.00 8 1 (12.5) 7 (87.5)
45 -49.9 46.9 13 0 ( 0) 0 + 0.00 0 0 ( 0) 0 ( 0)
Table 3. Prevalence and mean intensity of T\ attenuatum recovered from 423 Oyster River white suckers 
of various size classes (cm), examined in the period of April 1975 through March 1977.
No. infected No. worms recovered
Fish size Mean fish No. fish and Mean intensity + and percentage
class size examined prevalence standard deviation Total Non-gravid Gravid
0 - 4.9 4.1 64 25 (39.0) 1.5 + 1.54 38 33 (86.8) 5 (13.2)
5 - 9.9 7.0 218 105 (48.2) 1.6 + 1.05 170 74 (43.5) 96 (56.5)
10 - 14.9 11.7 58 28 (48.2) 2.5 + 0.48 70 43 (61.4) 27 (38.5)
15 - 19.9 16.6 10 4 (40.0) 3.0 + 1.41 12 4 (33.3) 8 (66.7)
20 - 24.9 21.8 8 7 (87.5) 5.4 + 7.09 38 23 (60.5) 15 (39.5)
25 - 29.9 26.2 3 2 (66.6) 30.0 + 32.52 60 59 (98.3) 1 ( 1.7)
30 - 34.9 33.0 7 6 (85.7) 13.8 + 20.60 83 83(100.0) 0
35 - 39.9 37.6 21 2 ( 9.5) 1.0 + 1.00 2 1 (50.0) 1 (50.0)
40 - 44.9 41.5 26 2 ( 7.6) 2.0 + 2.82 4 4(100.0) 0
45 - 49.9 46.4 8 0 0 + 0.00 0 0 0
Table 4-. Prevalence (%) and mean intensity of T\ attenuatum in 195 
male and 155 female Bellamy River white suckers and 224- 
male and 199 female Oyster River white suckers.
BELLAMY RIVER OYSTER RIVER
Male Female Male Female
Prevalence (%) 25 ( 7.1) 12 ( 3.4) 97 (22.9) 87 (19.9)
Mean intensity
standard error 3.5 + 0.75 2.1 + 0.43 3.2 + 0.82 1.9 + 0.20






No. infected and 
prevalence




May (75) 3 1 (33.3) 2.0 + 1.15 0 0 2.0
Jun. 21 6 (28.6) 3.5 + 5.16 3.5 0 0
Jul. 20 4 (20.0) 1.5 + 1.00 1.5 0 0
Aug. 24 4 (16.7) 5.3 + 7.84 5.3 0 0
Sep. 21 5 (23.8) 2.4 + 1.28 2.4 0 0
Oct. 15 5 (33.4) 3.0 + 2.82 3.0 0 0
Nov. 8 1 (12.5) 1.0 + 0.35 1.0 0 0
Dec. 6 2 (33.3) 1.0 + 0.51 1.0 0 0
Jan. (76) 3 1 (33.3) 2.0 + 1.15 1.0 1.0 0
Feb. 0 0 0 + 0.00 0 0 0
Mar. 5 2 (40.0) 1.0 + 0.54 1.0 0 0
Apr. 12 4 (33.3) 6.8 + 10.84 1.3 1.0 11.0
May 26 3 (11.5) 10.7 + 14.22 0 0 10.7
Jun. 29 0 0 + 0.00 0 0 0
Jul. 26 1 ( 3.8) 1.0 + 0.19 1.0 0 0
Aug. 26 3 (11.5) 1.0 + 0.32 1.0 0 0
Sep. 26 3 (11.5) 1.7 + 1.15 1.7 0 0
Oct. 26 7 (26.9) 2.3 + 2.21 2.3 0 0
Nov. 25 1 ( 4.0) 1.0 + 0.20 1.0 0 0
Dec. 10 3 (30.0) 4.0 + 3.46 2.7 0 0
Jan. (77) 7 0 0 + 0.00 0 0 0
Feb. 11 4 (36.4) 1.5 + 1.00 1.7 1.0 0
Table 6. Prevalence, mean intensity, and maturation of G_. laruei in Bellamy River
white suckers.
Mean intensity
No. fish No. infected and Mean intensity + Mature
Month examined prevalence standard deviation Immature non-gravid Gravid
May (75) 3 1 (33.3) 2.0 + 1.15 0 0 2.0
Jun. 21 12 (57.1) 7.9 t 10.01 6.1 3.4 3.3
Jul. 20 11 (55.0) 6.2 + 7.78 2.0 2.2 4.5
Aug. 24 9 (37.5) 4.2 + 3.23 1.3 1.0 3.4
Sep. 21 10 (47.6) 10.6 + 18.76 8.5 3.2 6.2
Oct. 15 12 (80.0) 2.8 + 2.88 1.7 2.5 1.8
Nov. 8 0 0 + 0.00 0 0 0
Dec. 6 5 (83.3) 3.2 + 2.68 1.3 1.3 3.3
Jan. (76) 3 3(100.0) 2.0 + 1.73 0 1.5 1.5
Feb. 0 0 0 + 0.00 0 0 0
Mar. 5 2 (40.0) 1.5 + 0.70 1.0 0 1.0
Apr. 12 3 (25.0) 1.0 + 0.45 1.0 1.0 0
May 26 3 (11.5) 4.0 + 1.00 0 0 4.0
Jun. 29 5 (17.2) 1.2 + 0.44 1.0 1.0 1.0
Jul. 26 5 (19.2) 2.4 + 1.67 3.0 1.0 1.3
Aug. 26 8 (30.7) 2.9 t 2.69 1.4 1.0 2.8
Sep. 26 8 (30.7) 1.6 + 0.74 1.3 0 1.0
Oct. 26 13 (50.0) 4.1 + 5.40 3.0 1.4 2.5
Nov. 25 8 (32.0) 2.3 + 1.18 2.0 1.0 1.8
Dec. 10 4 (40.0) 2.0 + 0.81 1.0 1.7 1.0
Jan. (77) 7 1 (14.3) 1.0 + 0.37 1.0 0 0
Feb. 11 7 (63.6) 1.5 + 0.53 1.5 1.0 1.5
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Table 7. Prevalence, mean intensity, and maturation of I_
white suckers.
No. fish No. infected and Mean intensity +_ 
Month examined prevalence standard deviation
Apr. (75) 11 2 (18.2) 2.0 + 0.80
May 18 1 ( 5.6) 8.0 + 1.88
Jun. 18 4 (22.2) 3.7 + 1.82
Jul. 32 2 ( 6.3) 1.0 + 0.17
Aug. 27 0 0 + 0.00
Sep. 28 1 ( 3.6) 2.0 + 0.37
Oct. 25 2 ( 8.0) 1.0 + 0.27
Nov. 12 1 ( 8.3) 1.0 + 0.28
Dec. 5 0 0 + 0.00
Jan. (76) 4 1 (25.0) 1.0 + 0.50
Feb. 0 0 0 T 0.00
Mar. 5 2 (40.0) 1.0 + 0.54
Apr. 26 1 ( 3.8) 1.0 + 0.19
May 30 1 ( 3.3) 1.0 + 0.18
Jun. 32 2 ( 6.3) 1.0 + 0.24
Jul. 36 3 ( 8.3) 2.0 + 0.60
Aug. 28 2 ( 7.1) 1.5 + 0.56
Sep. 30 2 ( 6.6) 1.5 + 0.37
Oct. 25 2 ( 8.0) 1.0 + 0.27
Nov. 10 0 0 + 0.00
Dec. 2 0 0 + 0.00
Jan. (77) 1 0 0 + 0.00
Feb. 0 0 0 + 0.00
Mar. 18 2 (11.1) 3.5 + 1.14





























Table 8. Number and percentage of immature and gravid worms of the catostomi 
infrapopulation recovered in each fish size class (cm) of Bellamy and 
Oyster River white suckers.
BELLAMY RIVER OYSTER RIVER
Fish size _____________No. worms recovered and percentage_________
class Total Immature Gravid Total Immature Gravid
0 - 4.9 0 0 0 2 2 (100.0) 0
5 - 9.9 1 1 (100.0) 0 24 23 ( 95.8) 0
10 - 14.9 3 3 (100.0) 0 17 14 ( 82.3) 2 (11.7)
15 - 19.9 13 10 ( 76.9) 0 7 7 (100.0) 0
20 - 24.9 18 18 (100.0) 0 14 10 ( 71.4) 2 (14.3)
25 -29.9 22 22 (100.0) 0 38 2 ( 5.3) 12 (31.6)
30 - 34.9 13 9 ( 69.2) 4 (30.8) 183 38 ( 20.7) 60 (32.8)
35 - 39.9 42 13 ( 30.9) 24 (57.1) 506 200 ( 39.5) 172 (33.9)
40 - 44.9 64 36 ( 56.2) 28 (43.7) 1282 387 ( 30.2) 506 (39.5)
45 -49.9 13 13 (100.0) 0 119 38 ( 31.9) 71 (59.6)
CO
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Table 9. Prevalence and mean intensity of (3. laruei recovered from 350 Bellamy River
white suckers of various size classes (cm), examined in the period of May
1975 through February 1977.
No. infected No. worms recovered
Fish size Mean fish No. fish and Mean intensity + ______ and percentage
class size examined prevalence standard deviation Total Immature Gravid
0 - 4.9 3.9 16 1 ( 6.3) 1.0 + 0.00 1 1(100.0) 0
5 - 9.9 7.2 86 0 0 + 0.00 0 0 0
10 - 14.9 13.3 32 7 (21.8) 1.9 + 2.26 13 3 (23.1) 8 (61.5)
15 - 19.9 17.1 51 28 (54.9) 2.1 + 1.41 59 20 (33.8) 28 (47.5)
20 - 24.9 21.9 23 12 (52.2) 3.9 + 5.51 47 21 (44.6) 19 (40.4)
25 - 29.9 27.8 23 16 (69.5) 7.4 + 8.60 119 56 (47.1) 47 (39.5)
30 - 34.9 32.6 16 8 (50.0) 2.5 + 1.19 20 5 (25.0) 14 (70.0)
35 - 39.9 37.7 50 33 (66.0) 3.3 + 3.67 112 34 (30.3) 61 (54.4)
40 - 44.9 42.3 40 20 (50.0) 7.0 + 13.98 140 36 (25.7) 74 (52.8)
45 - 49.9 46.9 13 5 (38.5) 3.0 + 1.14 15 2 (13.3) 8 (53.3)
Table 10. Prevalence and mean intensity of G_. laruei recovered from 423 Oyster River
white suckers of various size classes (cm), examined in the period of April
1975 through March 1977.
No. infected No. worms recovered
Fish size Mean fish No. fish and Mean intensity +  and percentage
class size examined prevalence standard deviation Total Immature Gravid
0 - 4.9 4.1 64 19 (29.6) 2.2 + 1.48 43 41 (95.3) 2 ( 4.6)
5 - 9.9 7.0 218 51 (23.3) 1.9 + 1.53 99 59 (59.6) 29 (29.3)
10 - 14.9 11.7 58 22 (37.9) 2.5 + 2.40 56 32 (57.1) 16 (28.6)
15 - 19.9 16.6 10 7 (70.0) 2.1 + 1.06 15 5 (33.3) 7 (46.7)
20 - 24.9 21.8 8 8(100.0) 12.0 + 19.50 96 60 (62.5) 13 (13.5)
25 - 29.9 26.2 3 3(100.0) 13.3+8.50 40 9 (22.5) 20 (50.0)
30 - 34.9 33.0 7 7(100.0) 24.7 + 30.37 173 68 (39.3) 50 (28.9)
35 - 39.9 37.6 21 21(100.0) 24.0 + 51.82 504 261 (51.7) 77 (15.3)
40 - 44.9 41.5 26 21 (80.7) 18.7 + 23.33 394 124 (31.5) 155 (39.3)
45 - 49.9 46.4 8 7 (87.5) 11.3 + 5.28 79 18 (20.0) 46 (68.3)
CO
Table 11. Prevalence and mean intensity of I_. bulbocirrus recovered from 350 Bellamy River
white suckers of various size classes (cm), examined in the period of May 1975
through February 1977.
No. infected No. worms recovered
Fish size Mean fish No. fish and Mean intensity +  and percentage
class size examined prevalence standard deviation Total Immature Gravid
0 - 4.9 3.9 16 0 0 + 0.00 0 0 0
5 - 9.9 7.2 86 4 ( 4.6) 1.0 + 0.00 a 1 (25.0) 2 (50.0)
10 - 14.9 13.3 32 6 (18.7) 1.2 + 0.41 7 2 (28.6) 5 (71.4)
15 - 19.9 17.1 51 12 (23.5) 1.9 + 1.27 23 8 (34.8) 10 (43.5)
20 - 24.9 21.9 23 4 (17.4) 10.5 + 16.38 42 20 (47.6) 14 (33.3)
25 - 29.9 27.8 23 6 (26.1) 1.6 + 1.21 10 4 (40.0) 3 (30.0)
30 - 34.9 32.6 16 4 (25.0) 1.5 + 1.00 6 1 (16.7) 4 (66.6)
35 - 39.9 37.7 50 19 (38.0) 6.1 + 6.54 116 61 (52.6) 41 (35.3)
40 - 44.9 42.3 40 16 (40.0) 8.8 + 15.37 142 34 (23.9) 83 (58.5)
45 - 49.9 46.9 13 8 (61.5) 3.4 + 3.24 27 13 (48.1) 9 (33.3)
Table 12. Prevalence and Mean intensity of I_. bulbocirrus recovered from 423 Oyster River











Mean intensity + 
standard deviation Total
No. worms recovered 
and percentage 
Immature Gravid
0 - 4.9 4.1 64 1 ( 1.6) 1.0 + 0.00 1 0 1(100.0)
5 - 9.9 7.0 218 15 ( 6.9) 1.3 + 0.43 19 8 (42.0) 11 (57.9)
10 - 14.9 11.7 58 5 ( 8.6) 1.0 + 0.00 5 3 (60.0) 2 (40.0)
15 - 19.9 16.6 10 2 (20.0) 1.5 + 0.70 3 1 (33.3) 2 (66.6)
20 - 24.9 21.8 8 3 (37.5) 4.3 t 2.08 13 9 (69.2) 1 ( 7.7)
25 - 29.9 26.2 3 1 (33.3) 8.0 + 0.00 8 8(100.0) 0
30 - 34.9 33.0 7 0 0 + 0.00 0 0 0
35 - 39.9 37.6 21 1 ( 5.6) 3.0 + 0.00 3 0 2 (66.7)
40 - 44.9 41.5 26 4 (15.4) 2.5 + 1.25 10 6 (60.0) 4 (40.0)
45 - 49.9 46.4 8 0 0 + 0.00 0 0 0
CD
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Table 13. Prevalence (%) and mean intensity of the caryophyllid species recovered from 195 
male and 155 female Bellamy River white suckers and from 224- male and 199 female 








G. catostomi 28 (14.4) 32 (20.6) 2.5 + 0.81 3.6 + 1.02
G. laruei 71 (36.4) 59 (38.1) 4.6 + 0.98 3.3 + 0.63
I. bulbocirrus 45 (23.1) 34 (21.9) 4.7 + 1.05 4.8 + 1.84
OYSTER RIVER
Parasite species
G. catostomi 56 (25.0) 42 (27.1) 17.8 + 5.43 31.9 + 11.06
G. laruei 86 (38.4) 80 (40.2) 10.9 + 3.07 7.4 + 1.69
I. bulbocirrus 15 ( 6.7) 16 ( 8.0) 2.3 + 0.61 1.8 + 0.30
Table 14. Prevalence, mean intensity, and maturation of 0_. macilentus in Bellamy
River white suckers.
No. infected 
No. fish and Mean intensity
Month  examined prevalence standard deviation
May (75) 3 2 (66.6) 1.5 + 0.71
Jun. 21 15 (71.4) 32.5 + 41.78
Jul. 20 14 (70.0) 5.7 + 6.01
Aug. 24 21 (87.5) 16.1 + 27.45
Sep. 21 15 (71.4) 14.3 + 21.54
Oct. 15 9 (60.0) 5.6 +_ 5.87
Nov. 8 8(100.0) 6.5 + 3.33
Dec. 6 2 (33.3) 3.0 + 1.41
Jan. (76) 3 1 (33.3) 2.0 + 0.00
Feb. 0 0 0 + 0.00
Mar. 5 2 (40.0) 2.0 t 1.41
Apr. 12 12(100.0) 5.1 + 4.27
May 26 21 (80.7) 3.4 + 2.71
Jun. 29 17 (58.6) 15.5 + 18.26
Jul. 26 19 (73.1) 7.6 + 7.49
Aug. 26 24 (92.3) 6.7 t 8.93
Sep. 26 24 (92.3) 16.0 + 18.91
Oct. 26 22 (84.6) 18.9 + 22.85
Nov. 25 15 (60.0) 18.0 + 19.96
Dec. 10 8 (80.0) 17.5 + 28.02
Jan. (77) 7 5 (71.4) 16.0 + 18.65
Feb. 11 8 (72.7) 7.8 + 9.82
_____ Mean intensity_____
























Table 15. Prevalence, mean intensity, and maturation of N_. cristatus in Oyster
River white suckers.
No. infected  Mean intensity_____
No. fish and Mean intensity _+ Gravid Immature females
Month examined prevalence standard deviation females males^2.0 mm
Apr. (75) 11 0 0 + 0.00 0 0
May 18 2 (11.1) 2.0 + 1.41 0 1.0
Jun. 18 7 (38.9) 3.7 + 2.56 3.0 1.2
Jul. 32 23 (71.9) 2.1 + 1.45 2.0 1.5
Aug. 27 23 (85.2) 4.7 + 4.46 1.8 3.0
Sep. 38 25 (65.8) 7.4 + 6.17 2.5 2.8
Oct. 25 23 (92.0) 8.4 + 7.80 1.9 5.5
Nov. 12 11 (91.7) 8.2 + 6.52 2.8 2.6
Dec. 5 4 (80.0) 6.7 + 3.09 2.0 2.0
Jan. 4 4(100.0) 3.5 + 0.57 1.3 1.0
Feb. 0 0 0 + 0.00 0 0
Mar. 5 4 (80.0) 7.7 + 2.98 2.3 2.0
Apr. 26 12 (46.2) 7.8 + 11.20 3.3 3.0
May 30 21 (70.0) 6.4 + 4.36 3.2 1.1
Jun. 32 29 (90.6) 7.9 + 6.52 3.1 2.1
Jul. 36 31 (86.1) 4.7 + 3.78 2.6 1.7
Aug. 28 27 (96.4) 8.4 + 9.25 4.3 3.9
Sep. 30 30(100.0) 11.5 + 14.98 2.8 7.0
Oct. 25 24 (96.0) 19.2 + 33.14 4.3 9.3
Nov. 10 9 (90.0) 14.5 + 20.94 2.0 8.1
Dec. 2 2(100.0) 5.0 + 1.41 1.0 0
Jan. (77) 1 1(100.0) 5.0 + 0.00 1.0 0
Feb. 0 0 0 + 0.00 0 0



















May (75) 3 3(100.0) 170.0 + 203.93 64.3 75.3 45.5
Jun. 21 21(100.0) 43.4 + 57.04 19.1 18.3 14.0
Jul. 20 19 (95.0) 97.5 + 163.71 37.6 21.0 42.8
Aug. 24 18 (75.0) 88.7 + 116.31 39.2 30.4 33.4
Sep. 21 20 (95.2) 134.9 + 244.54 55.7 52.8 38.5
Oct. 15 15(100.0) 125.6 + 185.22 55.8 44.5 32.5
Nov. 8 4 (50.0) 22.3 + 16.37 11.0 10.6 3.2
Dec. 6 6(100.0) 2.5 + 2.07 1.7 2.0 0
Jan. (76) 3 2 (66.7) 4.0 + 2.82 2.5. 1.5 0
Feb. 0 0 0 + 0.00 0 0 0
Mar. 5 3 (60.0) 9.3 + 5.85 4.6 3.6 3.0
Apr. 12 11 (91.7) 32.1 + 50.07 17.5 13.5 29.0
May 26 17 (65.3) 26.5 + 65.10 13.5 9.7 11.0
Jun. 29 24 (82.8) 49.3 + 111.49 26.1 23.5 10.4
Jul. 26 15 (57.7) 21.5 t 22.01 10.1 6.3 8.5
Aug. 26 22 (84.6) 22.2 + 47.88 9.8 9.4 9.3
Sep. 26 22 (84.6) 24.7 + 32.26 12.1 9.1 9.2
Oct. 26 24 (92.3) 38.3 + 38.75 18.5 12.0 10.5
Nov. 25 25(100.0) 34.8 + 69.20 19.8 14.3 9.4
Dec. 10 10(100.0) 103.7 + 199.49 48.5 34.0 70.6
Jan. (77) 7 6 (85.7) 4.8 + 3.12 3.0 2.8 0
Feb. 11 8 (72.7) 11.2 + 10.63 6.0 4.4 2.7
ID
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Table 17. Prevalence, mean intensity, and maturation of P_. bulbocolli in Oyster
River white suckers.
No. infected Mean intensity
No. fish and Mean intensity + Females Gravid
Month examined prevalence standard deviation Males ovarian balls females
Apr. (75) 11 11(100.0) 46.4 + 53.40 21.6 17.3 10.4
May 18 14 (77.7) 20.7 + 39.00 9.9 8.7 7.0
Jun. 18 12 (66.6) 63.5 + 93.90 59.8 31.7 10.7
Jul. 32 0 0 + 0.00 0 0 0
Aug. 27 5 (18.5) 5.0 + 7.80 3.0 3.6 5.0
Sep. 28 3 (10.7) 1.0 + 0.30 1.0 0 0
Oct. 25 3 (12.0) 3.6 + 2.30 1.3 3.5 0
Nov. 12 2 (16.6) 2.0 + 1.40 1.0 2.0 0
Dec. 5 4 (80.0) 7.3 + 6.70 5.0 2.8 3.0
Jan. (76) 4 2 (50.0) 4.0 + 1.40 2.0 2.0 2.0
Feb. 0 0 0 + 0.00 0 0 0
Mar. 5 1 (20.0) 1.0 + 0.40 1.0 0 0
Apr. 26 20 (76.9) 26.7 + 49.60 13.2 14.2 7.2
May 30 15 (50.0) 10.0 + 13.40 7.3 4.9 3.5
Jun. 32 3 ( 9.4) 3.3 + 3.20 2.0 2.0 2.0
Jul. 36 3 ( 8.3) 2.3 + 1.50 1.0 2.5 0
Aug. 28 3 (10.7) 2.3 + 1.50 1.0 1.6 0
Sep. 30 8 (26.6) 2.7 + 2.40 1.6 2.3 0
Oct. 25 11 (44.0) 6.3 + 5.40 3.6 3.4 0
Nov. 10 5 (50.0) 8.0 + 9.40 4.6 4.0 1.0
Dec. 2 2(100.0) 5.5 + 3.50 3.0 2.5 0
Jan. (77) 1 1(100.0) 1.0 + 0.00 3.0 2.0 0
Feb. 0 0 0 + 0.00 0 0 0
Mar. 18 16 (88.8) 30.4 + 34.50 14.0 15.2 7.3
CD
■P
Table. 18. Prevalence and mean intensity of 0. macilentus recovered from 350 Bellamy River white
suckers of various size classes (cm), examined in the period of May 1975 through
February 1977.
No. worms recovered
No. infected  and_percentage______
Fish size Mean fish No. fish and Mean intensity +_ Immature females Gravid
class size examined prevalence standard deviation Total males ^ .2.0 mm females
0 - 4.9 3.9 16 7 (43.8) 1.7 + 1.11 12 12(100.0) 0
5 - 9.9 7.2 86 74 (86.0) 4.4 7 4.61 327 86 (26.3) 70 (21.4)
10 - 14.9 13.3 32 29 (90.6) 11.1 + 8.81 322 65 (20.2) 99 (30.7)
15 - 19.9 17.1 51 45 (88.2) 19.0 + 19.97 856 245 (28.6) 229 (26.8)
20 - 24.9 21.9 23 19 (82.6) 22.3 + 23.27 423 138 (36.6) 119 (28.1)
25 - 29.9 27.8 23 17 (73.9) 23.0 7 41.81 391 80 (20.5) 142 (36.3)
30 - 34.9 32.6 16 9 (56.3) 24.0 + 24.44 216 24 (11.1) 89 (41.2)
35 - 39.9 37.7 50 41 (82.0) 14.3 + 23.84 587 91 (15.5) 191 (32.5)
40 - 44.9 42.3 40 20 (50.0) 7.2 + 10.64 145 18 (12.4) 34 (23.4)
45 - 49.9 46.9 13 3 (23.1) 3.3 + 3.31 10 1 (10.0) 2 (20.0)
Table 19. Prevalence and mean intensity of N. cristatus recovered from 423 Oyster River white
















males ^ .2.0 mm
Gravid
females
0 - 4.9 4.1 64 49 (76.6) 3.1 + 2.58 150 61 (40.6) 11 ( 7.3)
5 - 9.9 7.0 218 207 (94.9) 7.1 + 6.25 1475 301 (20.3) 350 (23.6)
10 - 14.9 11.7 58 47 (81.0) 19.5 + 27.46 919 341 (37.1) 116 (12.6)
15 - 19.9 16.5 10 4 (40.0) 3.3 + 3.20 13 5 (38.5) 1 ( 7.7)
20 - 24.9 21.8 8 4 (50.0) 3.5 + 3.00 14 2 (14.3) 4 (28.6)
25 - 29.9 26.2 3 0 0 + 0.00 0 0 0
30 - 34.9 33.0 7 0 0 + 0.00 0 0 0
35 - 39.9 37.6 21 2 ( 9.5) 2.5 + 2.12 5 5(100.0) 0
40 - 44.9 41.5 26 4 (15.3) 1.3 + 0.50 5 3 (60.0) 0
45 - 49.9 46.4 8 0 0 + 0.00 0 0 0
Table 20. Prevalence and mean intensity of P. bulbocolli recovered from 350 Bellamy
River white suckers of various size classes (cm), examined in the period










Mean intensity + 
standard deviation
No. worms recovered 
and percentage 
Total Gravid females
0 - 4.9 3.9 16 1 ( 6.3) 9.0 + 0.00 9 0
5 - 9.9 7.2 86 55 (63.9) 7.6 + 9.83 418 23 ( 5.5)
10 - 14.9 13.3 32 30 (93.8) 15.6 + 16.86 470 90 (19.1)
15 - 19.9 17.1 51 50 (98.0) 19.7 + 19.59 986 295 (29.9)
20 - 24.9 21.9 23 20 (86.9) 18.3 + 24.31 366 110 (30.1)
25 - 29.9 27.8 23 21 (91.3) 21.1 + 36.13 444 117 (26.4)
30 - 34.9 32.6 16 16(100.0) 64.6 + 135.87 1033 174 (16.8)
35 - 39.9 37.7 50 50(100.0) 47.5 + 68.54 2378 502 (21.1)
40 - 44.9 42.3 40 40(100.0) 150.3 + 154.83 6012 1381 (22.9)
45 - 49.9 46.9 13 13(100.0) 286.0 + 298.69 3711 1055 (28.4)
Table 21. Prevalence and mean intensity of P_. bulbocolli recovered from 423 Oyster
River white suckers of various size classes (cm), examined in the period
of April 1975 through March 1977.
No. infected No. worms recovered
Fish size Mean fish No. fish and Mean intensity + and percentage
class size examined prevalence standard deviation Total Gravid females
0 - 4.9 4.1 64 1 ( 1.6) 1.0 + 0.00 1 0
5 - 9.9 7.0 218 33 (15.1) 3.5 + 3.72 115 1 ( .9)
10 - 14.9 11.7 58 32 (55.2) 3.5 + 3.63 111 5 ( 4.5)
15 - 19.9 15.6 10 7 (70.0) 10.7 + 9.23 75 9 (12.0)
20 - 24.9 21.8 8 8(100.0) 33.6 + 38.81 269 43 (15.9)
25 - 29.9 25.2 3 2 (66.7) 38.5 + 48.79 77 19 (24.7)
30 - 34.9 33.0 7 7(100.0) 24.6 + 13.61 172 17 ( 9.9)
35 - 39.9 37.6 21 21(100.0) 35.6 + 51.83 747 82 (10.9)
40 - 44.9 41.5 26 25 (96.2) 42.3 + 72.13 1058 114 (10.8)
45 - 49.9 46.4 8 8(100.0) 38.1 + 63.59 305 32 (10.5)
Table 22. Prevalence (%) and mean intensity of three species of acanthocephalans recovered from 
195 male and 155 female Bellamy River white suckers and from 224 male and 199 female 














Mean intensity + 
standard error
Male Female
9.9 + 1.31 15.6 + 2.20
52.4 + 7.78 53.5 + 11.45
167 (74.6) 150 (75.4)
83 (36.6) 62 (31.2)
7.7 _+ 1.01 8.6 +_ 1.02
22.9 + 4.58 17.7 + 5.69
Table 23. Prevalence and mean intensity of N_. cristatus and P_. bulbocolli infecting species of fish
other than C. commersoni at the Oyster River. (* - Gravid worms present).






Mean intensity + 
standard deviation Range






2 (16.7) 1.0 + 0.00 1 16.7 + 1.97

















7 ( 1.3) 1.0 + 0.00 1 7.3 + 2.11
.
100
Table 24. Number and percentage of white suckers infected with 1-6 




No. of parasite species_______
2 3 4 5 6 Total
No. 13 56 124 87 50 18 2 350
% 3.7 16.0 35.4 24.9 14.3 5.1 .6
No. 12 106 148 101 47 7 2 423
% 2.8 25.1 34.9 23.9 11.1 1.7 .5
102.
Table 25. Number of times any two endohelminths occurred together in
white suckers of the Bellamy River. Correlation coefficients 
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Table 26. Number of times any two endohelminths occurred together in
white suckers of the Oyster River. Correlation coefficients 


































Triganodistomum — 36 74 16 146 55
attenuatum (.059) (.062) (.083) (-.064) (.012)
Glaridacris _ 75 13 40 75
catostomi (.025) (.314)* (-.093) (.137)*
Glaridacris ____ 19 94 89
laruei (.203)* (-.036) (.115)*






Table 27. Coefficient of variation of each endohelminth infrapopula­
























Table 28. Diversity of parasite species abundance (Hg) in 350 Bellamy River
white suckers examined in the period of May 1975 through February 1977.
No. of
Parasite species individuals PA-' InpA pA (InpA-
T. attenuatum 113 .005.5 - 5.2030 - 0.0286
G. catostomi 189 .0093 - 4.6777 - 0.0435
G. laruei 526 .0258 - 3.6573 - 0.0943
I. bulbocirrus 377 .0185 - 3.9899 - 0.0738
0. macilentus 3,289 .1618 - 1.8213 - 0.2947
P. bulbocolli 15,827 .7788 - 0.2500 - 0.1947
20,321 - 0.7296
Hg = 0.7296
Table 29. Diversity of parasite species abundance (Hg) in 423 Oyster River
white suckers examined in the period of April 1975 through March 1977.
Parasite species
No. of 
individuals PA~> lnpyt/ p 'JU (lnp>L)
T. attenuatum 477 .0490 - 3.0159 - 0.1477
G. catostomi 2,192 .2241 - 1.4956 - 0.3351
G. laruei 1,499 .1541 - 1.8708 ■ - 0.2881
I. bulbocirrus 62 .0063 - 5.0672 - 0.0319
N. cristatus 2,581 .2652 - 1.3272 - 0.3519











Fig. 1 Sampling areas in the Bellamy and Oyster Rivers where Catostomus 
commersoni was collected. A - Bellamy Reservoir, B - Bellamy 













Fig. 2. Prevalence and mean intensity of T. attenuatum in Bellamy River white
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Fig. 3. Mean intensity of non-gravid and gravid worms of T_. attenuatum in 
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Fig. i*. Prevalence and mean intensity of T. attenuatum in Oyster River white suckers.












Fig. 5. Mean intensity of non-gravid and gravid worms of T. attenuatum in Oyster 


































Worm size class (mm)
6. Seasonal changes in maturation and in infrapopulation 
size structure of T. attenuatum in Oyster River white 
suckers. Shaded areas represent gravid worms. The 
data are expressed as percentages of the total number 
of worms in parentheses found each season.
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Fig. 7. Intestinal distribution of T_. attenuatum in infected 
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8. Prevalence and mean intensity of (3. catostomi in Oyster River white suckers.
















Fig. 9. Mean intensity of immature and gravid worms of G. catostomi in Oyster 
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Worm size class (mm)
Fig. 10. Seasonal changes in maturation and in infrapopulation 
size structure of G. catostomi in Oyster River white 
suckers. Clear, textile, and shaded areas represent 
immature, mature non-gravid, and gravid worms, respec­
tively. The data are expressed as percentages of the 
total number of worms in parentheses found each season
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Fig. 11. Prevalence and mean intensity of (3. laruei in Oyster River white suckers, 



















Fig. 12. Mean intensity of immature and gravid worms of G. laruei in Oyster River 
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Worm size class (mm)
Fig. 13. Seasonal changes in maturation and in infrapopulation 
size structure of £. laruei in Oyster River white 
suckers. Clear, textile, and shaded areas represent 
immature, mature non-gravid, and gravid worms, 
respectively. The data are expressed as percentages 
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Fig. 14. Prevalence and mean intensity of I. bulbocirrus in Bellamy River white suckers.
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Fig. 15. Mean intensity of immature and mature worms of I. bulbocirrus in 
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Fig. 16. Intestinal distribution of £. catostomi in infected
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Fig. 17. Intestinal distribution of £. laruei in infected
white suckers. Shaded areas represent gravid females.
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Fig. 18. Intestinal distribution of I_. bulbocirrus in infected 
white suckers. Shaded areas represent gravid females.
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. 19. Relationship between mean white sucker size (x) of each 
fish size class and the prevalence and mean intensity of 











Fig. 20. Relationship between mean white sucker size (x) of each 
fish size class and the prevalence and mean intensity of 













Fig. 21. Relationship between mean white sucker size (x) of each fish 
size class and the prevalence of G_. laruei (y) in the 














































Worm size class (mm)
Fig. 22. Seasonal changes in maturation and in infrapopulation 
size structure of £. macilentus in Bellamy River 
white suckers. Shaded areas represent gravid females. 
The data are expressed as percentages of the total 



























































Worm size class (mm)
Fig. 23. Seasonal changes in maturation and in infrapopulation 
size structure of N. cristatus in Oyster River white 
suckers. Shaded areas represent gravid females. The 
data are expressed as percentages of the total number 
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Fig. 24. Prevalence and mean intensity of P. bulbocolli in Oyster River white suckers.
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Fig. 25. Intestinal distribution of 0_. macilentus in Bellamy 
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Fig. 26. Intestinal distribution of N. cristatus in Oyster
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Fig. 27. Intestinal distribution of P_. bulbocolli in Bellamy 
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Fig. 28. Intestinal distribution of ]?. bulbocolli in Oyster 
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Fig- 29- Relationship between mean white sucker* size (x) of 
each fish size class and the prevalence and mean 











Fig. 30. Relationship between mean white sucker size (x) of 
each fish size class and the prevalence and mean 
intensity of P_. bulbocolli (y) at the Oyster River.
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Fig. 31. Diversity of parasite species abundance in relation to season 
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Fig. 32. Diversity of parasite species abundance in 
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Fig. 33. Percentage distribution of the total number of 
individuals of each helminth species in the in­
testines of 350 Bellamy River white suckers. 
Explanation (number of worms of each species in 
parentheses): I.b.-Isoglaridacris bulbocirfus 
(377); G.c.-Glaridacris catostomi (189); O.m.- 
Octospinifer macilentus (3,289);P.b.-Pomphorhynchus 

















Fig. 34. Percentage distribution-.of the total number
of individuals of each helminth species in the 
intestines of 423 Oyster River white suckers. 
Explanation (number of worms of each species 
in parentheses): I.b.-Isoglaridacris bulbocirrus
(62); G.c.-Glaridacris catostomi (2,192): G.l.- 
G. laruei (1,499); N.c.-Neoechinorhynchus cristatus 
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Fig. 35. Diversity of parasite species abundance in relation to various size classes
of white suckers from each locality. Numbers above each size class represent 
the number of fish examined. B.R. - Bellamy River, O.R. - Oyster River.
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APPENDIX I.
Number and mean length of C. commersoni collected in each month from each locality.
Bellamy River______________  Oyster River
No. Mean length + 95% Confidence No. Mean length + 95% Confidenc
Month examined standard deviation intervals examined standard deviation intervals
Apr. (75) 0 11 36.2 + 7.40 31.1-41.4
May 3 40.6 + 2.16 36.6-44.5 18 30.9 + 13.99 23.8-38.1
Jun. 21 31.6 + 7.76 28.1-34.9 18 19.3 + 11.62 13.4-25.2
Jul. 20 31.9 + 11.53 26.5-37.1 32 5.1 + 1.74 4.4- 5.7
Aug. 24 27.5 + 16.41 20.5-34.4 27 6.7 + 2.96 5.5- 7.8
Sep. 21 34.6 + 12.17 29.1-40.1 28 6.4 + 1.75 5.7- 7.1
Oct. 15 39.8 + 5.11 37.0-42.6 25 7.4 + 3.56 5.9- 9.2
Nov. 8 9.2 + 3.38 6.4-11.9 12 7.6 + 2.94 5.8- 9.5
Dec. 6 27.5 + 10.74 16.8-38.2 5 19.9 + 16.08 1.4-38.3
Jan. (76) 3 23.0 + 2.85 17.8-28.3 4 11.6 + 4.60 5.2-17.9
Feb. 0 0
Mar. 5 21.9 + 8.40 12.3-31.6 5 8.0 + 3.70 3.7-12.3
Apr. 12 18.3 + 15.66 8.4-28.1 26 27.2 + 16.18 20.6-33.7
May 26 13.3 + 12.86 8.1-18.5 30 15.7 + 13.50 10.7-20.8
Jun. 29 22.7 + 14.41 17.2-28.2 32 6.6 + 2.17 5.8- 7.4
Jul. 26 13.9 + 10.69 9.6-18.3 36 7.6 + 2.25 6.8- 8.4
Aug. 26 16.1 + 12.33 11.1-21.0 28 7.7 + 2.20 6.8- 8.5
Sep. 26 18.1 + 12.07 13.2-22.9 30 7.6 + 2.24 6.7- 8.4
Oct. 26 21.1 + 9.01 17.4-24.7 25 8.3 + 3.52 6.9- 9.8
Nov. 25 19.6 + 12.00 ,14.6-24.5 10 10.8 + 4.79 7.4-14.2
Dec. 10 23.3 + 14.98 12.7-33.8 2 11.1 + 4.17 -1.6-23.7
Jan. (77) 7 12.0 + 7.18 5.6-18.4 1 9.4 + 0>. 00
Feb. 11 19.6 + 7.45 14.6-24.5 0
Mar. 0 18 35.9 + 10.44 30.8-41.5
APPENDIX II.
Fish length, intestinal length, and intestinal segment length of the smallest and largest C_. 













40 - 60 60 - 80
5
80 - 100
Bellamy River 5.1 5.58 0- 1.11 1.12- 2.23 2.24- 3.35 3.36- 4.47 4.48- 5.58
49.9 91.44 0-18.28 18.29-36.57 36.58-54.86 54.87-73.15 73.16-91.44
Oyster River 3.4 3.17 0- .63 .64- 1.27 1.28- 1.90 1.91- 2.54 2.55- 3.17




Monthly mean temperatures (‘C) at the Bellamy and Oyster Rivers. 































Mean length (mm) and size range of each developmental stage of T. 
attenuatum and the caryophyllid cestode species collected from C. 






T. attenuatum Non-gravid 315 1.3 (0.7- 2.3)
Gravid 147 3.4 (1.8- 5.4)
G. catostomi Immature 708 3.6 (1.1- 6.2)
Mature
Non-gravid 635 9.8 (7.7-12.8)
Gravid 743 17.9 (7.9-33.9)
G. laruei Immature 649 2.2 (1.0- 3.6)
Mature
Non-gravid 401 4.7 (3.5- 7.1)
Gravid 410 7.1 (4.3-12.5)
I. bulbocirrus Immature 33 2.3 (1.1- 3.5)
Mature
Non-gravid 4 4.0 (3.8- 4.2)
Gravid 22 7.1 (3.6-10.5)
155.
APPENDIX V.
Mean length (cm) of C_. commersoni collected in each season at the 
Bellamy and Oyster Rivers.
Bellamy River
No. fish Mean length _+ 95% Confidence
Season_________  examined standard deviation Range interval
Spring 1975 18 35.3 + 7.0 22.0-44.4 31.8-38.7
Summer 61 30.3 + 13.0 4.9-46.9 26.9-33.6
Fall 33 30.2 + 15.2 6.7-47.0 24.7-35.6
Winter 1975-1976 11+ 19.8 + 11.2 4.1-35.6 13.3-26.2
Spring 1976 67 18.3 + 14.6 2.7-45.5 14.7-21.8
Summer 52 15.0 + 11.5 3.1-43.0 11.8-18.1
Fall 77 19.6 + 11.0 6.0-49.9 17.1-22.1
Winter 1976-1977 28 19.1 + 11.2 6.8-48.7 14.7-23.4
Oyster River
Spring 1975 29 32.0 + 12.8 4.0-45.5 27.1-36.9
Summer 77 9.1 + 8.4 3.1-40.6 7.1-11.0
Fall 65 7.0 + 2.8 4.4-15.4 6.3- 7.6
Winter 1975-1976 14 12.4 + 10.8 5.0-47.0 6.2-18.6
Spring 1976 56 21.0 + 15.7 4.3-46.3 16.8-25.2
Summer 96 7.3 + 2.2 2.3-14.4 6.8- 7.7
Fall 65 8.3 + 3.4 4.1-19.5 7.5- 9.2
Winter 1976-1977 21 32.3 + 13.3 6.8-44.0 26.3-38.3
APPENDIX VI.




No. infected and 
prevalence




May (75) 3 1 33.3) 2.0 + 1.15 2.0 0
Jun. 21 9 42.8) 3.5 + 4.53 0 3.5
Jul. 20 6 30.0) 2.6 + 2.40 1.3 3.0
Aug. 24 1 4.1) 1.0 + 0.20 0 1.0
Sep. 21 1 4.7) 1.0 + 0.21 0 1.0
Oct. 15 0 00.0) 0 + 0.00 0 0
Nov. 8 0 00.0) 0 + 0.00 0 0
Dec. 6 0 00.0) 0 + 0.00 0 0
Jan. (76) 3 2 66.6) 3.0 + 1.41 3.0 0
Feb. 0 0 00.0) 0 + 0.00 0 0
Mar. 5 2 40.0) 1.0 + 0.54 1.0 0
Apr. 12 1 8.3) 1.0 + 0.28 1.0 0
May 26 3 11.5) 7.0 + 5.19 4.0 8.5
Jun. 29 6 20.6) 3.3 + 1.86 0 3.3
Jul. 26 1 3.8) 2.0 + 0.39 0 2.0
Aug. 26 2 7.6) 1.5 + 0.70 0 1.5
Sep. 26 1 3.8) 1.0 + 0.19 0 1.0
Oct. 26 0 00.0) 0 + 0.00 0 0
Nov. 25 0 00.0) 0 + 0.00 0 0
Dec. 10 0 00.0) 0 + 0.00 0 0
Jan. (77) 7 0 00.0) 0 + 0.00 0 0
Feb. 11 1 9.1) 3.0 + 0.90 3.0 0
APPENDIX VII.




No. infected and 
prevalence




Apr. (75) 11 2 (18.2) 11.0 + 2.82 11.0 0
May 18 6 (33.3) 14.0 + 20.62 16.4 1.0
Jun. 18 11 (61.1) 5.2 + 3.89 1.0 5.5
Jul. 32 19 (59.4) 1.6 + 0.76 1.6 1.3
Aug. 27 16 (59.3) 2.5 + 2.60 1.5 3.3
Sep. 28 16 (57.1) 1.8 + 1.22 1.1 1.9
Oct. 25 10 (40.0) 1.4 + 0.51 1.3 1.0
Nov. 12 4 (33.3) 1.0 + 0.49 1.0 1.0
Dec. 5 3 (60.0) 1.3 + 0.57 1.0 1.0
Jan. (76) 4 2 (50.0) 1.0 + 0.58 1.0 1.0
Feb. 0 0 (00.0) 0 + 0.00 0 0
Mar. 5 0 (00.0) 0 + 0.00 0 0
Apr. 26 10 (38.5) 7.1 + 16.84 7.1 0
May 30 17 (56.6) 2.9 + 1.97 2.4 4.0
Jun. 32 18 (56.3) 1.6 + 1.53 2.0 1.1
Jul. 36 15 (41.6) 1.5 + 0.63 1.4 1.3
Aug. 28 11 (39.3) 1.8 + 1.16 1.3 1.3
Sep. 30 10 (33.3) 1.4 + 0.51 1.0 1.3
Oct. 25 4 (16.0) 2.3 + 1.89 2.0 1.7
Nov. 10 5 (50.0) 1.0 + 0.52 1.0 1.0
Dec. 2 2(100.0) 1.5 + 0.71 1.0 1.0
Jan. (77) 1 0 (00.0) 0 + 0.00 0 0
Feb. 0 0 (00.0) 0 + 0.00 0 0
Mar. 18 0 (00.0) 0 + 0.00 0 0
APPENDIX VIII.
Prevalence, mean intensity, and maturation of G_. catostomi in Oyster River suckers.
Mean intensity
No. fish No. infected and Mean intensity + Mature
Month examined prevalence standard deviation Immature non-gravid Gravic
Apr. (75) 11 8 (72.7) 21.0 + 21.79 6.8 9.3 6.4
May 18 12 (66.7) 28.1 + 69.54 29.0 23.6 4.2
Jun. 18 3 (16.7) 1.7 + 1.15 2.0 1.0 0
Jul. 32 2 ( 6.3) 1.0 + 0.16 1.0 0 0
Aug. 27 4 (14.8) 1.8 + 1.50 1.8 0 0
Sep. 28 3 (10.7) 1.3 + 0.57 1.3 0 0
Oct. 25 4 (16.0) 2.5 + 1.91 2.5 0 0
Nov. 12 4 (33.3) 1.0 + 0.49 1.0 0 0
Dec. 5 4 (80.0) 8.0 + 6.87 5.3 7.0 4.0
Jan. (76) 4 3 (75.0) 1.3 + 0.57 1.0 1.0 1.0
Feb. 0 0 (00.0) 0 + 0.00 0 0 0
Mar. 5 3 (60.0) 1.7 + 0.57 1.0 0 1.0
Apr. 26 15 (57.7) 59.4 + 87.14 18.9 17.2 32.9
May 30 8 (26.7) 43.5 + 84.48 13.8 18.6 25.5
Jun. 32 1 ( 3.1) 1.0 + 0.17 1.0 0 0
Jul. 36 0 (00.0) 0 + 0.00 0 0 0
Aug. 28 0 (00.0) 0 + 0.00 0 0 0
Sep. 30 5 (16.7) 1.2 + 0.44 1.2 0 0
Oct. 25 0 (00.0) 0 + 0.00 0 0 0
Nov. 10 0 (00.0) 0 + 0.00 0 0 0
Dec. 2 2(100.0) 1.5 + 0.70 1.5 0 0
Jan. (77) 1 1(100.0) 1.0 + 0.00 1.0 0 0
Feb. 0 0 (00.0) 0 + 0.00 0 0 0
Mar. 18 16 (88.9) 22.6 + 21.73 11.7 12.6 5.4
APPENDIX IX.





No. infected and 
prevalence




Apr. (75) 11 11(100.0) 15.4 + 21.90 7.3 8.3 5.3
May 18 11 (61.1) 7.6 + 6.36 2.3 1.7 6.1
Jun. 18 13 (72.2) 8.8 + 15.58 10.2 5.8 3.9
Jul. 32 23 (71.9) 2.0 + 1.27 1.9 0 1.3
Aug. 27 9 (33.3) 3.6 + 2.06 3.3 1.0 1.8
Sep. 28 3 (10.7) 1.0 + 0.31 0 0 1.0
Oct. 25 9 (36.0) 1.6 + 1.51 1.3 1.0 1.7
Nov. 12 3 (25.0) 1.7 + 1.15 1.5 1.0 1.0
Dec. 5 3 (60.0) 4.0 + 3.00 0 2.0 2.7
Jan. (76) 4 1 (25.0) 1.0 + 0.50 0 1.0 0
Feb. 0 0 (00.0) 0 + 0.00 0 0 0
Mar. 5 1 (20.0) 2.0 + 0.89 0 1.0 1.0
Apr. 26 15 (57.7) 18.7 + 18.81 6.9 6.7 10.9
May 30 9 (30.0) 12.3 + 17.78 3.1 10.3 9.6
Jun. 32 8 (25.0) 3.6 + 3.24 3.5 0 1.0
Jul. 36 13 (36.1) 2.4 + 1.70 2.3 2.0 1.3
Aug. 28 8 (28.6) 1.6 + 1.06 1.5 1.5 1.2
Sep. 30 3 (10.0) 2.0 + 1.73 1.0 1.0 1.3
Oct. 25 5 (20.0) 1.8 + 0.83 1.6 1.0 1.0
Nov. 10 3 (30.0) 2.3 + 2.30 3.0 0 1.3
Dec. 2 0 (00.0) 0 + 0.00 0 0 0
Jan. (77) 1 0 (00.0) 0 + 0.00 0 0 0
Feb. 0 0 (00.0) 0 + 0.00 0 0 0
Mar. 18 15 (83.3) 35.3 + 62.13 22.2 15.6 4.0
APPENDIX X.





No. infected and 
prevalence




May (75) 3 0 00.0) 0 + 0.00 0 0 0
Jun. 21 7 33.3) 6.4 + 12.64 3.5 5.0 10.0
Jul. 20 4 20.0) 1.3 + 0.50 1.0 0 1.5
Aug. 24 11 45.8) 2.4 + 1.68 2.0 1.5 1.9
Sep. 21 2 9.5) 5.0 + 5.65 1.0 2.0 6.0
Oct. 15 13 86.6) 11.1 + 10.46 6.6 4.1 3.8
Nov. 8 2 25.0) 1.5 + 0.70 1.0 0 2.0
Dec. 6 3 50.0) 1.0 + 0.55 1.0 1.0 1.0
Jan. (76) 3 2 66.6) 1.0 + 0.57 1.0 0 1.0
Feb. 0 0 00.0) 0 + 0.00 0 0 0
Mar. 5 2 40.0) 1.0 + 0.54 1.0 1.0 0
Apr. 12 1 8.3) 2.0 + 0.58 0 1.0 1.0
May 26 5 19.2) 11.8 + 24.15 1.0 0 14.5
Jun. 29 3 10.3) 2.0 + 1.00 0 0 2.0
Jul. 26 1 3.8) 1.0 + 0.19 0 0 1.0
Aug. 26 6 23.1) 1.6 + 0.81 1.0 2.0 1.3
Sep. 26 4 15.3) 2.3 + 1.50 1.5 0 1.8
Oct. 26 6 23.1) 2.8 + 2.22 1.0 1.5 2.5
Nov. 25 3 12.0) 5.0 + 6.08 4.5 0 3.0
Dec. 10 3 30.0) 5.6 + 4.72 5.0 1.0 0
Jan. (77) 7 1 14.3) 1.0 + 0.37 0 1.0 0
Feb. 11 0 00.0) 0 + 0.00 0 0 0
161.
APPENDIX XI.
Total frequency of occurrence of each endohelminth species from 
Bellamy River suckers, by intestinal segment.
Intestinal segment
Species 1 2 3 4 5
T. attenuatum 0 2 12 55 44
G. catostomi 152 36 1 0 0
G. laruei 19 37 69 191 210
I. bulbocirrus 295 80 2 0 0
0. macilentus 2 4 364 2,860 59
P. bulbocolli 0 29 2,674 12,215 954
162.
APPENDIX XII.
Total frequency of occurrence of each endohelminth species from 
Oyster River suckers, by intestinal segment.
Intestinal segment
Species 1 2 3 4 5
T. attenuatum 0 7 72 285 113
G. catostomi 1,632 425 134 1 0
G. laruei 23 60 256 454 706
I. bulbocirrus 52 10 0 0 0
N. cristatus 0 15 697 1,762 107
P. bulbocolli 1 2 650 2,068 209
